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ADDENDUM 1 TO
NORTHSIDE SANITARY LANDFILL (NSL)/
ENVIRONMENTAL CONSERVATION AND CHEMICAL CORPORATION (ECC)
PREDESIGN INVESTIGATIONS QAPP

ZIONSVILLE, INDIANA

PROJECT DESCRIPTION

INTRODUCTION

The United States Environmental Protection Agency (U.S. EPA)
requires participation of all U.S. EPA contractors in a cen-
trally managed quality assurance (QA) program. This require-~
ment applies to all environmental monitoring and measurement

efforts mandated or supported by U.S. EPA.

Each contractor generating data has the responsibility to
implement minimum procedures to assure that the precision,
accuracy, completeness and representativeness of its data
are known and documented. To ensure the responsibility is
met uniformly, each U.S. EPA contractor must prepare a writ-
ten Quality Assurance Project Plan (QAPP) covering each pro-

ject it is contracted to perform.
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This document is Addendum 1 to the QAPP submitted to the

U.S. EPA (August 1987) for the predesign investigations at
the NSL/ECC site near Zionsville, Indiana. This Addendum 1
presents the organization, objectives, functional activities,
and specific QA and quality control (QC) activities associ-
ated with predesign investigations. Investigations will be
conducted at the proposed groundwater interceptor trench
area, proposed soil borrow area, existing landfill area, and
the area south of the ECC site. To avoid redundancy, this
Addendum 1 will refer to the QAPP for the information that

has been presented previously.

SITE DESCRIPTION

The ECC and NSL sites are immediately adjacent to each other
in a rural area of Boone County, Indiana, south of the inter-
section of State Route 32 and U.S. Highway 421 and about

10 miles northwest of Indianapolis. The ECC site occupies
6.5 acres immediately west of the 168-acre NSL site. The
landfill occupies approximately 70 acres of the NSL site

(Figure 1).

The area surrounding the sites is largely undeveloped. Land
use to the east and south of the site is agricultural, to the
west and north it is residential. Approximately 50 residences

are within 1 mile of the site.
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An unnamed drainage ditch that separates NSL from the ECC site
flows into Finley Creek near the southwest corner of the land-
fill. Finley Creek discharges into Eagle Creek about 1/2-mile
downstream of the site. Eagle Creek then flows south for
about 9 miles before emptying into the Eagle Creek Reservoir,
which is used by the City of Indianapolis for a portion of

its drinking water supply.

SITE HISTORY OF BACKGROUND

NSL is privately owned and operated as an active solid waste
disposal facility. The site has been active since at least
1962 and has accepted various industrial and municipal wastes
during the course of its operation. The vice president of
NSL has estimated 16 million gallons of hazardous waste have
been disposed of in the landfill. A 3-acre oil separation
lagoon on the landfill surface is visible in a 1977 aerial
photograph. The site has had recurring operational defi-
ciencies as reported by the Indiana State Board of Health
(ISBH). The U.S. EPA detected leachate running into Finley
Creek, and groundwater contamination was detected in monitor-
ing wells at the site. The site was placed on the National

Priorities List in 1983.



Revision: 0
Date: 01/04/88
Page: 4 of 27

ECC began operations in 1977 and was engaged in the recovery/
reclamation/brokering of primary solvents, oils, and other
wastes received from industrial clients. Waste products were
received in drums and bulk tankers and prepared for subsequent
reclamation or disposal. Reclamation processes included dis-
tillation, evaporation, and fractionation to reclaim solvents

and oil.

Several memorandums from ISBH discuss the disposal of ECC
wastes in the NSL landfill. ECC wastes reportedly disposed
of at NSL include 5,000 gallons/month of waste fluids from
the ECC oil reclamation process, still bottoms and solvent
recovery waste, 50 to 80 drums/day of paint sludge, thinner,
stain and resin sludge, and at least 7,000 drums of unre-

ported contents.

Drum shipments to ECC were halted in February 1982 after
U.S. EPA and ISBH investigations found evidence of accumu-
lated contaminated stormwater onsite, inadequate management
of drum inventory, and several spill incidents. 1In 1983 ECC
was placed on the National Priorities List (NPL) of hazard-
ous waste sites. U.S. EPA subsequently conducted removal

actions at ECC including removal, treatment, and disposal of



Revision: 0
Date: 01/04/88
Page: 5 of 27

cooling pond waters, about 30,000 drums of waste, 220,000 gal-
lons of hazardous waste from tanks, and 5,650 cubic yards of

contaminated soil and cooling pond sludge.

Remedial investigations including soil, hydrogeologic, sur-
face water, and sediment investigations of the sites began
in 1983 and continued to November 1985. Details of the
investigations are included in the ECC and NSL Remedial
Investigation Reports. Data for groundwater and leachate
samples are attached in Appendix B of the QAPP submitted to

the U.S. EPA, August 1987.

Soil contaminants found onsite at the ECC site were primar-
ily volatile organic compounds (VOCs) and phthalates. VOCs

in the surface soils have migrated downward. A shallow sand
and gravel deposit (approximately 18 feet below ground sur-
face) has also been found to be contaminated with VOCs, though
the source may have been derived from a former onsite cooling
pond rather than downward migration from the surface soils.
Organic contaminants were also found in Finley Creek down-

stream of the site.

Soil contaminants detected in peripheral subsurface soils at
the NSL site were primarily base/neutral organics and some

VOCs found at depths of 13 to 15 feet. A sand and gravel
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lens at or near the ground surface in the southwest corner
of the site was found contaminated with VOCs. PAH and VOC
contaminants were also detected in Finley Creek downstream

of the site.

The Feasibility Study Reports for the NSL and ECC sites
(dated December 5, 1986) contain more detailed information
on the nature of site contamination and site hazards. The
recommended alternative to remediate the site includes

groundwater and leachate collection and treatment.

TARGET COMPOUNDS

The major target compounds of concern at the NSL/ECC site are
HSL metals, volatile organic compounds (VOCs), and base/neu-
tral and acid extractable compounds (BNAs) in soil and ground-
water. Therefore, sample analyses focus on these compounds.
Samples will be analyzed through CLP, RAS, and SAS requiring
30 days of quick turnaround results. Required detection
limits for target compounds are listed in Appendix A. 1In
addition, conventional water quality parameters such as COD,
TDS, TSS, alkalinity, and chloride will also be measured in

the groundwater by the ISBH.

Chemical analyses will be performed only on the groundwater

and subsurface soil samples taken in the supplemental
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investigation area south of ECC and southwest of NSL site.
Field activities at the proposed borrow area and groundwater
interceptor trench area adjacent to the south boundary of the
landfill will focus primarily on geotechnical and hydrogeo-

logical parametérs.

PROJECT OBJECTIVES AND USE OF DATA

The objectives of Predesign Investigations for the NSL/ECC
site are to collect data needed to implement and design the
U.S. EPA selected remedial alternative which includes the

following components:

o Deed and access restrictions of the site

o RCRA cap over the site

o Rerouting surface water

(o} Leachate collection and treatment

o Groundwater collection and treatment

o) Monitoring to ensure effectiveness of the remedy

components
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Refer to the Record of Decision (ROD) of NSL/ECC (September 25,

1987) for the details of the selected remedial alternative.

The Predesign Investigations will be performed in the ground-
water interceptor trench area, in the proposed borrow area
for landfill cover material, on the existing landfill area,
and in the area south of the ECC site and southwest of the
landfill as shown in Figure 2. Data collected from the pre-

design investigations will be used to:

o Identify and define physical characteristics of the
soil and groundwater where the proposed groundwater

interceptor alignment will be installed

o Classify soils in both the proposed borrow area and

the existing landfill for landfill cover material

o Supplement existing information to further define
soil and groundwater conditions and contamination
in the area south of the ECC site and southwest of

the landfill

TASKS OF PREDESIGN INVESTIGATIONS

The tasks and subtasks of Predesign Investigations are:
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o Task FQ--Geotechnical/Hydrological Investigations

- Subtask FQ--Groundwater Interceptor Trench
Investigation

- Subtask FQ--Borrow Area Investigation

- Subtask FQ--Miscellaneous Soil Investigation

- Subtask FQ--Geotechnical Laboratory Testing

- Subtask FQ--Pump Testing

- Subtask FQ--Well Installation

o Task Fl--Supplemental Field Investigations

- Subtask Fl--Supplemental Soil Borings

- Subtask Fl--Borehole Soil Sampling

- Subtask Fl--Monitoring Well Installation

- Subtask Fl--Well Development and Groundwater
Level Measurement

- Subtask Fl--Groundwater Sampling

The schedule of the tasks is shown in Figure 3. The field
activities to be performed during the Predesign Investiga-
tions are summarized in Table 1. Description and rationale

of each subtask are presented in the following sections.
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Table 1
GEOTECHNICAL/HYDROLOGICAL FIELD INVESTIGATION
SUMMARY
Number
Item Interceptor Borrow Existing Supplemental  TOTALS Comments
Area Landfill Investigation
Cover Area
8).5-ft. split-spoon
intervals
a a b b25 to 60 ft. deep
Soil Borings 10 12 - 20 42 2,0~ft. split-spoon
intervals
15 to 30 ft. deep
Cone Penetrometer 30 20 ——— -— 50 25 to 60 ft. deep
Soundings
Test Pits 3 10 - - 13 10 ft. deep
Observation Wells (2-inch) 10a 5b —-—— 10b 25 gzs to 60 ft. deep
-Installed, Developed, 15 to 30 ft. deep
Sampled, and Surveyed
Pumping Test Well (4-inch) 2 ~— — -- 2
-Installed, Developed,
and Surveyed
Pump Tests 2 - ——- - 2
Field Density -— -— 20 - 20 Sand cone or
Tests nuclear gage at/near
ground surface
Water Level 5 20 ——— 21 46 New (25 wells) and
Measurements existing (21 wells)
wells
In Situ Density 10 -—- -— 10 20 Determined in the

GLT718/33-3

field from tube
samples.

Water content and
specific gravity
performed by SAS.
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TASK FQ--GEOTECHNICAL/HYDROGEOLOGICAL INVESTIGATIONS

Subtask FQ--Groundwater Interceptor Trench Investigation

The objectives of the groundwater interceptor trench investi-
gation are to identify and define the soil and groundwater
physical characteristics along the proposed trench alignment
for design (Figure 4). Approximately 8 to 10 borings and 20
to 30 cone penetrometer soundings will be completed along the
proposed trench alignment. The borings will be located at
about 500-foot intervals along the alignment and the cone
penetrometer soundings will occur at approximately 150-foot
intervals. Additional borings or soundings may be performed
depending on field observations. Each boring will have a
proposed maximum depth of about 60 feet depending on actual
subsurface conditions. Soil will be sampled with a standard
2~foot split-barrel sampler at 2-1/2-foot intervals to iden-
tify the depth and thickness of sand and gravel lenses along
the interceptor alignment. Up to 10 borings will be selected
along the alignment for piezometer installations to monitor
groundwater levels under static and pumped conditions. The
piezometer locations will be selected to provide water level

data during the pump tests described under Pump Testing.
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In addition to the soil borings and piezometer installations
along the interceptor, three test pits will be completed along
the proposed new route of Finley Creek. The test pits along
the proposed route of Finley Creek will help to evaluate
excavation feasibility for the proposed new creek alignment.
All field investigations will be supervised by a professional

geotechnical engineer, geologist, or hydrogeologist,

Subtask FQ--Borrow Area Investigation

The objectives of the borrow area investigation are to char-
acterize onsite soil for use as landfill cap and fill material,
and to estimate the quantity of borrow material available.

Ten to 12 borings will be completed in the proposed borrow
area (Figure 5) to depths of about 25 feet. Each boring will
be sampled at 2-1/2-foot intervals with standard 2-foot split-
spoons. In addition to the borings, 8 to 10 test pit excava-
tions and 15 to 20 cone penetrometer soundings will be com-
pleted in the borrow area. Each test pit will be about 8 to
10 feet deep and provide a two-dimensional view of subsurface
soil conditions. The cone penetrometer soundings in the
borrow area are proposed to supplement the boring and test
pit information. Three to five piezometers will be installed

to monitor groundwater levels in the proposed borrow area.
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Subtask FQ--Miscellaneous Soil Investigations

In addition to the interceptor and borrow area
investigations, the existing landfill cover will be sampled
and analyzed for geotechnical soil properties. Bulk soil
samples of the existing landfill cover will be collected
from the top 6 to 18 inches to evaluate the possible use of
the present soil cover as part of the final cap. Also, 15
to 20 field density tests (using sand cones or nuclear
density gages) will be performed to evaluate in-place soil

densities (see Appendix D).

Subtask FQ--Geotechnical Laboratory Testing

Soil samples will be selected from borings, test pits, and
surface locations to determine soil properties and classifi-
cations for use in design of the interceptor trench, the
rerouted creek channel, the final landfill cap, and to eval-

uate the existing landfill cover. Soil testings will include:

o Grain size distribution of soils in the proposed
trench alignment, borrow area, and existing land-

fill (ASTM D 422).
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o Atterberg limits and natural water contents of soil
along the proposed trench alignment and of borrow

material for the landfill cap (ASTM D 4318).

o Laboratory compaction tests on soils taken from
the proposed borrow area and existing landfill to
determine moisture-density relationships for cover

evaluation of cap design (ASTM D 1557).

o} Laboratory hydraulic conductivity tests of the
remolded, compacted borrow (Permeability Tests
with Back Pressure, Chapter VII, "Laboratory Soils
Testing," Engineer Manual EM 1110-2-1906, Depart-
ment of the Army, Office of the Chief of Engineers,

Washington, D.C.).

o) Specific gravity tests on soil samples from pro-

posed trench alignment (ASTM D 854).

The laboratory testing will be completed as a special analy-
tical services (SAS) of the U.S. EPA Contract Laboratory
Program (CLP) or by a privately contracted geotechnical lab-
oratory. A tentative summary of soil testing is presented
in Table 2. Field soil testings, in situ density tests on

samples from groundwater interceptor alignment, and field



Test/
Designation

Particle Size Analysis/
ASTM D-421 and D-422

Atterberg Limits and
Water Content/
ASTM D-4318 and D-2216

Moisture-Density
Relations/

ASTM D-1557

Method A or C

Hydraulic Conductivity/
(See (1) below)

Specific Gravity/
ASTM D-854

Moisture Content

ASTM D~-2216
(See (2) below)

Table 2
GEOTECHNICAL LABORATORY TESTING SUMMARY

Number of Tests Performed

Borrow Existing Supplemental Replicates  TOTALS
Interceptor Area Landfill Investigation (3)
Cover Area
15 15 5 20 5 60
10 20 -— 10 4 44
- 10 5 --- 2 17
-—— 10 -— - 1 11
2 - -— 2 2 6
10 - —— 10 2 22

(1) Permeability Tests with Back Pressure, Chapter VII, "Laboratory
Soils Testing", Engineer Manual EM 1110-2-1906, Department of the Army,
Office of the Chief of Engineers, Washington, D.C.

(2) Determined from thin-wall tube samples after in situ density measurement at the

(see Table 1). Portions of the tube samples will be sent to the laboratory for

moisture content.

(3) The numbers of replicates are:
1 per 10 for Atterberqg limits, hydraulic conductivity, moisture-density relations,

and moisture content;
1 per 15 for particle size; 1 per 5 for specific gravity

GLT718/33-2

Test methods may include ASTM D-1587 and D-2937.

field
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density tests on the existing landfill cover are listed in
Table 1. Samples to be sent for analyses will be selected
by the geologist or geotechnical engineer in the field based
on geologic conditions encountered and field visual soil

classification.

Subtask FQ--Pump Testing

The objectives of aquifer pump tests are to better define the
hydraulic properties of the sand and gravel deposits that

are to be intercepted by the trench along the south and south-
west side of the landfill (Figure 4). The pump tests will
provide values of aquifer transmissivity and storativity for
estimating construction dewatering requirements, the potential

yield of the interceptor, and drawdown along the interceptor.

Two well sites will be identified for pump tests. Each well
will be tested individually by pumping and measuring water
levels in surrounding piezometers and monitoring wells for a
minimum duration of 24 hours to a maximum of 72 hours or
until the drawdown in the observation wells remains constant

with time.

A test well will be installed south of the NSL site. This

test well, which will be finished in a confined glacial sand
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and gravel lens within the till, will be pumped at rates of
approximately 1 to 5 gallons per minute (GPM) during pump
test. Observation wells will be installed as needed within
the pumped lens and in other nearby lenses. Existing wells
will be used to the fullest extent possible. During the
installation of observation wells, if a sand lens is encoun-
tered above the lens being tested, at least one piezometer
will be finished at this shallow depth. Drawdown measured
in the observation well will be used to estimate the degree
of hydraulic connection between lenses of sand and gravel
zones. The pump test will be conducted continuously for

24 hours at a constant pumping rate.

The second proposed pump test will be conducted in a well
finished in the alluvial sand and gravel deposit, north of
the confluence of the unnamed ditch and Finley Creek

(Figure 4). At this site, the sand and gravel unit is
unconfined. The pumping rate in this water table aquifer is
expected to range between 5 to 10 gpm. Observation wells
will be spread at 10, 20, and 50 feet away from the pumping
well. Where possible, existing monitoring wells will be used
for observation. Pumping will be conducted continuously for

72 hours at a constant pumping rate.
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Prior to each test, a short-duration step-drawdown test will
be conducted to establish the constant test pumping rates.
Water levels will be measured in the pumping and observation
wells during these tests, and will be allowed to stabilize

prior to commencing the pumping tests.,
Results of the pumping tests will be analyzed with standard
equilibrium and nonequilibrium methods to estimate values of

transmissivity and storativity.

Subtask FQ--Well Installation

Eight to 10 piezometers and 2 pump testing wells will be
installed near the groundwater interceptor alignment shown

in Figure 4. Three to five piezometers will also be installed
in the borrow area. Additional piezometers will be installed
as needed depending on the site conditions and data needs

within these areas.

Piezometers and pump testing wells will be constructed of
2-inch and 4-inch PVC, respectively, schedule 40, with number
20 slot screen (0.020 inches). Wells will be screened in
sand and gravel lenses. Screen lengths will be determined

based on the thickness ¢of sand and gravel lenses encountered
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in either the glacial or alluvial sand and gravel layers and
will be gravel packed with a clean sand to a level at least
2 feet above the top of the screens. The gravel pack will
be sealed with 2 feet of bentonite. The remaining annulus
of the boreholes will be filled with a clean bentonite-
concrete grout. All wells will be completed in compliance

with the requirements of ISBH.

After completing installation of wells, the wells will be

developed using the bailing or surge-block method. Each well
will be developed until development water is clear of visible
sediments. Development water will be collected in 55-gallon

drums, or discharged to the creeks at the direction of ISBH.

TASK F1--SUPPLEMENTAL FIELD INVESTIGATIONS

The primary objective of this supplemental investigation is

to collect additional information to further characterize the
area south of the ECC site and southwest of the landfill shown
in Figure 6. Field activities at this area are listed in

Table 1.

Results of this supplemental soils and groundwater investiga-
tion can be used to define the degree and extent of soil and

groundwater contamination immediately south of the ECC site
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and west of the unnamed ditch and Finley Creek. This task
consists of soil borings and sampling, additional monitoring

well installation, and groundwater sampling.

Subtask Fl--Supplemental Soil Borings

Soil borings and wells will be installed at locations shown
in Figure 6, and some of the borings will be done in the area
recently investigated by the PRPs. Twenty soil borings will
be drilled to depths of 15 to 30 feet below ground surface.
In the area of recent alluvial deposits, the borings will be
completed to the top of the glacial till. In the areas where
alluvium deposits or fill are absent, and glacial till is at
or near the ground surface, borings will be advanced through
the glacial sand and gravel lenses to the underlying till,
which is expected to occur at an elevation of approximately

865 feet above mean sea level,

The soil borings will be advanced using continuous split-spoon
sampling. If boring becomes difficult due to wall collapse
or flowing sand, hydraulic rotary methods will be used to

complete the boreholes to the desired depths.
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A boring log for each soil boring will be prepared noting
sample intervals, soil classification, and HNu and OVA read-
ings associated with each sample. Where relatively high HNu
or OVA readings are noted, soil samples will be taken and

monitoring wells will be installed for groundwater sampling.

After collecting soil samples for laboratory chemical and
geotechnical analyses, the borings without well installation

will be backfilled completely with cement-bentonite grout.

Drill cuttings with HNu or OVA readings higher than background

levels will be placed and sealed inside 55-gallon drums.
Drums will be stored in a secure area onsite until proper

offsite disposal is accomplished.

Subtask Fl--Borehole Soil Sampling

During advance of the borehole soil samples will be screened

for volatile organic contaminants (VOCs) using HNu or OVA read-

ings. Continuous split-spoon samples will be collected from
each borehole at 2-foot intervals. Soil samples will be

collected for the CLP analyses. These analyses will include
chemical analyses, Atterberg limits, moisture contents, spe-

cific gravity, and grain size distribution.
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Selection of soil samples for chemical analyses will be based
on the results of HNu or OVA readings. Samples will be o-
btained from zones with readings above background. A minimum
of one soil sample from each boring will be collected from
the water bearing sand and gravel zone. Samples will be
analyzed for metals, VOCs, and BNAs through the CLP SAS.

The SAS are required for 30-day quick turnaround results.

Thin~wall tube samples will be obtained from 10 selected
soil borings. In situ density will be measured for the tube
samples at the site. After the measurement, the soil

samples will be sent to the CLP for moisture content.

Subtask Fl--Monitoring Well Installation

Monitoring wells are proposed for installation at borings
where high HNu or OVA readings are recorded. At least 8 to
10 monitoring wells are proposed for installation. The num-
ber could increase depending on the site conditions and field

observations made at the time of the test drilling.

The objective of the additional monitoring wells is to col-
lect supplemental hydrogeological and groundwater quality
data to refine previous interpretations of soil and ground-

water contamination at the site.
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Monitoring wells will be constructed of 2-inch PVC, sched-
ule 40, with number 20 slot screen (0.020 inches). Procedures
of well installation and development are presented in the

Task FQ.

Subtask Fl--Well Development and Water Level Measurements

After completing installation of monitoring wells, the wells
will be developed using bailing or surge-block method. Each
well will be developed until development water is clear of
visible sediments. Development water will be collected in
55-gallon drums, or discharged to the creeks at the direction

of ISBH.

Groundwater levels will be measured in the existing 21 wells
(Table 3) and the newly installed monitoring wells. Existing
well locations are presented in Figure 4. Water level mea-
surements will be made from the top of the well casing to the
static water levels. Water levels will be measured using an
electric water level indicator to the nearest 0.1 ft and
estimated to the nearest 0.01 ft. A groundwater contour map

will be prepared based on the water level measurements.



Table 3
LIST OF EXISTING MONITORING WELLS
FOR WATER LEVEL MEASUREMENT
AT NSL/ECC SITE

Well Well Depth Month/Year
1D (ft) Installed
ECcC-1a% 28.5 6/83
ECC-2A 27.5 6/83
Ecc-3aP 15.0 6/83
ECC-4A 14.0 6/83
ECC-5A 23.7 6/83
ECC-6A 23.0 9/83
ECC-7A 22.0 9/83
ECC-8A 25.0 10/84
ECC-9A 25.0 11/84
Ecc-10aP 20.0 11/84
Ecc-11aP 14.0 11/84
NSL-8S 18.0 3/85
NSL-9S 15.0 1/85
NSL-108 9.0 1/85
NSL-118 6.5 1/85
NSL-12° 23.0 12/84
NsL-13P 13.5 12/84
NSL-14 9.0 12/84
NSL-15 6.5 1/85
NSL-16 12.0 1/85
NSL-18 13.0 1/85

aDesignated upgradient wells.

a&bGroundwater samples will be collected.

GLT636/35
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Subtask Fl--Groundwater Sampling

After satisfactory development of wells and water level mea-
surements, groundwater will be sampled. Before sample col-
lection, a minimum of five bore volumes will be purged from
each well. Groundwater samples will be collected from the

10 newly installed monitoring wells and from the 6 existing

wells listed in Table 3.

Groundwater will be analyzed for HSL metals, VOCs, and BNAs.
To detect volatile organics in various concentrations,
samples taken from the newly installed wells will be
analyzed through the CLP RAS and SAS; SAS will analyze the
compounds for low concentrations (lower than CLP contract
required detection limits) using low detection limits
analyses and for medium concentrations using high hazard
protocols (see Appendix B). Samples obtained from the
existing wells will also be analyzed by the CLP RAS and SAS;
SAS analyzes the volatile organics for low concentrations.
Thirty-day quick turnaround for results are required for all

chemical analyses.

Groundwater samples will also be analyzed for conventional

water quality parameters, COD, TSS, TDS, alkalinity, and
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chloride using the ISBH (Appendix B). In addition, pH, spe-
cific conductance, and temperature measurements will be con-
ducted in the field (see Appendixes E and F of the August 1987

QAPP) .

PROJECT ORGANIZATION AND RESPONSIBILITY

CH2M HILL has overall responsibility for all phases of the
Predesign Investigations. CH2M HILL will perform the field
investigations and prepare the Predesign Investigations

report.

The following responsibilities have been assigned for the

project:
o Remedial Project Manager (RPM)
Karen Vendl (U.S. EPA)
o) Site Manager (SM)
Alpheus Sloan (CH2M HILL)
o} Regional Manager (RM)

Mike Jury (CH2M HILL)
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Quality Assurance Manager (QAM)

Greg Peterson (CH2M HILL)

CH2M HILL Review Team Leader (RTL)

Jim Kennedy (CH2M HILL)

Sample Team Leader

Jeff Keiser (CH2M HILL)

Geotechnical Field Team Leader

Mark Evans (CH2M HILL)

Hydrogeological Field Investigation Team Leader

Elias Zewde (CH2M HILL)

Laboratory Operation

Samples for RAS and SAS chemical analysis will be
sent to the U.S. EPA Contract Lab Program (CLP).
Samples for geotechnical analysis may be sent for
SAS to the U.S. EPA Contract Lab Program (CLP) or
privately contracted geotechnical laboratories.
The SAS conventional water gquality parameters of
COD, TSS, TDS, alkalinity, and chloride will be

sent to Indiana State Board of Health lab (ISBH).
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o System/Performance Audits
CH2M HILL QA Manager (field), U.S. EPA EMSL--Las
Vegas (CLP), Contract Project Management Section

(CPMS), CRL (ISBH).

o Special Analytical Services Requests Preparation
CH2M HILL

o Review of Tentatively Identified Compounds
CH2M HILL

(o] QA/QC of CLP Data--U.S. EPA Region V, CPMS (CRL)

(o} CLP Data Completeness--CH2M HILL

o} QA/QC of private geotechnical laboratory data--
CH2M HILL

o QA/QC of Indiana State Board of Health Data--

U.S. EPA Region V, CPMS (CRL)

Primary responsibility for project quality rests with the SM.
A project organization chart is presented in the August 1987

QAPP.
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QUALITY ASSURANCE OBJECTIVES

This section is presented in the QAPP.

SAMPLING AND ANALYSES

A summary of all anticipated sampling and analyses at the
NSL/ECC site is outlined in Table 4. The compounds to be
determined during the Predesign Investigations in the supple-
mental investigation area are listed in Attachment A-1. A
detailed description of sampling methodologies and protocols

is presented in the Sampling Plan (Appendix A).

OTHER QAPP ELEMENTS

Refer to the QAPP (submitted to the U.S. EPA, August 1987)

for the following QAPP elements:

o} Calibration Procedures and Frequency
o} Analytical Procedures
o Internal Quality Control Check

o Data Reduction, Validation, and Reporting
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Performance and System Audits

Preventive Maintenance

Specific Routine Procedures used to Assess Data

Precision, Accuracy, and Completeness

Corrective Action

Quality Assurance Reports to Management
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Appendix A

SAMPLING PLAN
NORTHSIDE SANITARY LANDFILL (NSL)/
ENVIRONMENTAL CONSERVATION AND CHEMICAL CORPORATION (ECC)
PREDESIGN INVESTIGATIONS

INDIANA

OBJECTIVE

This sampling plan documents procedures and practices to be
followed during Predesign Investigations at the NSL/ECC site.
This plan will be used in obtaining soil and groundwater sam-
ples. It will also be used in the performance of soil bori-
ngs, monitoring well installations, and excavation of test

pits.

SAMPLE LOCATIONS, NUMBERS, AND ANALYSES

Sampling will occur at the proposed groundwater interceptor
trench area, soil borrow area, existing landfill area, and
supplemental investigation area south of the ECC site and
southwest of the landfill. Borehole soil sampling locations

are shown in Figures 4, 5, and 6 of Addendum 1. Soil sample
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numbers and analytical parameters are summarized in Tables 1,

2, and 4 of Addendum 1. Groundwater samples will be collected
from the existing wells and from the newly installed wells

in the supplemental investigation area. Proposed groundwater

sampling locations are shown in Figures 4 and 6 and sample

numbers and analyses are listed in Table 4 of Addendum 1.

SAMPLE DESIGNATION

A CH2M HILL sample numbering system will be used to identify
each sample for analysis, including duplicates and blanks.

A Sample Management Office (SMO) number and a Central Region
Lab (CRL) number will also be assigned to each sample at the
same time. Refer to the User's Guide of the CLP for an expla-
nation of the SMO numbers. Refer to the CRL Sample Handling
Manual for an explanation of the CRL number. A listing of
sample identification numbers will be maintained in the sam-
pling log book by the team leader. Each CH2M HILL sample

number will consist of three components as described below:

PROJECT IDENTIFICATION

A three-letter designation will be used to identify the por-

tion of the site where the sample is collected. For this



Revision: 0
Date: 01/04/88
Page: 3 of 13

project, the designation will be NSL for NSL and ECC for ECC.

SAMPLE TYPE AND LOCATION CODE

Each sample will have a two-digit alpha code corresponding
to the sample type, followed by the sample location number.

The alpha-codes are as follows:

(e} SB--subsurface split-spoon soil samples
o GW--monitoring well sample

o FB=--field blank

Samples of predesign investigations will have an alphanumeric
sample location code after the code of sample type. Field
blanks will have an FB following the alpha code for the type
of sample (i.e., a groundwater blank will be GWFB). Repli-

cate samples will be identified by "99".

SAMPLE EVENT AND SEQUENCE CODE

Soil samples will be given a sequential code indicator that
will indicate the depth at which the sample was taken. For
example, if soil borings are sampled at 2-foot intervals, a
sequential code indicator of "04" would mean the fourth sam-

ple in the sequence.
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EXAMPLES OF SAMPLE NUMBERS
Examples of sample numbers are as follows:
o NSL-SB08-02--NSL site, second sample collected

from soil boring 08, depth to be noted in logbook

o ECC~-GWECC20-02~-ECC site, second groundwater

sample collected from monitoring well ECC20

o) ECC-GWECC13-99--ECC site, replicate sample

collected from well ECC13

GENERAL SAMPLING AND TESTING PROCEDURES

SOIL BORING AND SAMPLING

Soil borings will be advanced to collect subsurface soil sam-
ples using hollow-stem augers. Continuous split-spoon samples
will be collected starting at the surface with 2- to 2-1/2-foot
intervals. Selected subsurface samples will be sent to the

lab for analysis and monitoring wells will be installed at
selected soil boring locations. The remainder of the borings
will be abandoned by cement/bentonite grouting, to seal off

any potential path of vertical migration of contaminants.
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Standard Penetration Tests (SPT) will be performed concur-
rently with soil sampling to obtain a measure of the resis-
tance of the soil to penetration of the sampler. The number
of blows is required to effect each 6 inches of penetration

of a split-spoon sampler (split-barrel sampler) or fractions
thereof. The first 6 inches is considered to be a seating
drive. The number of blows required for the second and third
6 inches of penetration added is termed the penetration resis-
tance. The procedures of soil boring and sampling are

described in ASTM D 1452 and ASTM D 1586 (Appendix C).

Split-spoon samples will be visually described for soil com-
position, structure, consistency, color, and conditions, and
the soil will be classified according to the Unified Soil
Classification System (USCS). Soil samples from borings will
be tested for geotechnical parameters, laboratory compaction,
Atterberg limits, particle size distribution, hydraulic con-
ductivity, moisture content, and specific gravity. During
advancing of the split-spoon, the holes will be descriptively

logged and checked with an HNu or OVA.

TEST PIT

Approximately 13 test pits will be excavated in the proposed

soil borrow area and along the proposed new route of Finley
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Creek. The maximum depths of excavation is expected to be
10 feet. Each test pit will be logged and photographed to

document the subsurface conditions encountered.

Following completion of sampling and test pit logging, each
test pit will be backfilled to grade. Disposal of any
remaining material will be determined from HNu or OVA screen-
ing results. 1If the soils show evidence of organic contami-
nation with HNu readings above background, they will be

drummed and removed to the secure storage area.

WELL INSTALLATION AND GROUNDWATER SAMPLING

Two pump testing wells and 15 piezometers will be installed
in the proposed groundwater interceptor trench area and soil
borrow area. In addition, 10 groundwater monitoring wells
will be installed in selected soil boring locations of the

supplemental investigation area.

Groundwater sampling will be conducted for 10 newly installed
monitoring wells in the supplemental investigation area and
for 6 existing wells as shown in Table 3 of Addendum 1.
Details of well installation and groundwater sampling are

presented in Addendum 1 (section: Project Objectives and
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Use of Data) and in the sampling plan of the August 1987 QAPP.

FIELD SOIL INVESTIGATIONS

Cone penetrometer soundings will be conducted in the proposed
groundwater interceptor trench area and in the soil borrow
area. Two soil density tests, field density tests and in situ
density tests, will also be performed in the field as follows:
field density tests in the landfill area; in situ density
tests in the groundwater interceptor trench area and in the
supplemental investigation area. For in situ density tests,

a thin-wall tube sample will be taken. After in situ density
field measurements, samples will be sent to the CLP for mois-
ture content. The procedures of field soil testings are pre-

sented in the ASTM as follows:

o] Cone penetrometer sounding~-ASTM D 3441

o Field density test--ASTM D 1556 or D 2922

o In situ density test--ASTM D 1587 and D 2937

The ASTM methods are attached in the Appendix D.

REPLICATE SAMPLE, BLANK SAMPLE, AND MATRIX SPIKE

SAMPLE PREPARATION
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Replicate, blank, and matrix spike samples of groundwater and
soil will be collected in the field and submitted to the CLP
to assess the quality of the data from sampling efforts.
Replicate samples will be used to assess the combined effects
of sample collection, handling and analysis on data precision.
Field blanks will be collected and analyzed to determine the
extent to which field procedures contribute to sample contami-

nation.

Replicate samples must be collected at the same time, at
exactly the same location, with the same apparatus, and into
identical containers prepared in the same way, and filled to
the same volume. All replicate samples are preserved and
handled identically. Blank samples are deionized, contami-
nant~-free water or clean sand that is collected, container-
ized, treated, and handled in the same manner as the samples.
Matrix spike samples are additional samples to be spiked with
certain chemicals in CLP lab for Quality Assurance/Quality

Control (QA/QC) of analytical process.

The number of sample replicates, blanks, and matrix spikes
are listed in Table 4 of Addendum 1. The number of matrix
spike samples is not included in the total number of samples.
For groundwater, one replicate sample and one blank sample

will be collected per day or for each 10 samples, whichever
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is more frequent. For soil, one replicate sample will be
collected per day or for each 10 samples, whichever is more
frequent, and one blank sample will be collected for each

20 samples.

Soil Matrix Blanks

Soil sample blanks will consist of a clean, washed, uniform
sand such as an Ottawa sand. The blank will be prepared by
collecting the blank material with the same decontaminated
scoop used to collect soils and by following soil sampling

and handling protocols.

The blanks for soil boring samples will be prepared by col-
lecting the blank material in a decontaminated brass sleeve
and transferring it to the appropriate sampling container

using decontaminated stainless steel spatulas or spoons.

Water Matrix Blanks

Groundwater matrix blanks will be prepared using reagent grade
deionized water. Groundwater well sample blanks will be pre-
pared by pouring the deionized water into the bailer and trans-

ferring it to appropriate sample containers. The metals sample
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blank will be filtered. All blanks will be preserved and

handled as if they were actual samples.

EQUIPMENT DECONTAMINATION PROCEDURES

All heavy equipment used during drilling (i.e., drilling rig,
augers, drilling tools, etc.) will be decontaminated between
each exploratory location using a high pressure hot water or
steam washer away from any sampling area on a designated
decontamination pad. Decontamination fluids may be collected
or discharged depending on HNu or OVA readings. Soils and
mud from the decontamination may be drummed for eventual dis-

posal if HNu or OVA readings are above background.

All sampling and well purging equipment (trowels, trays,
beakers, pumps, filter apparatus, bailers, split-spoon sleeves,
etc.) will be decontaminated between each successive sample
collection point. Decontamination will consist of removal

of dirt or mud by scrubbing in a tap water wash. The equip-
ment will then be washed in a solution containing 2.5 percent
(w/w) trisodium phosphate solution followed by a 10 percent
(v/v) methanol deionized water solution and finally a triple
deionized water rinse. When pumps are used the decontamina-
tion solutions will be pumped through the pump and hoses.

Sampling equipment will be placed on a clean plastic sheeting
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and will be allowed to air dry as much as possible before

being used again.

SAMPLE HANDLING AND ANALYSES

PARAMETERS

The parameters of sample analysis are listed in Table 4 of
Addendum 1. Samples for chemical analysis may be low or medium
concentration samples based on CLP criteria. The determina-
tion will be made in the field. The SMO will be notified as
soon as this determination is made so that the designated CLP

lab can be notified.

Measurement of pH, specific conductance, and temperature will
be performed in the field on all groundwater samples. The
procedures of field measurement are presented in Appendix E

and F of the August 1987 QAPP.

SAMPLE PREPARATION

Preparation procedures for samples are summarized in Table A-1.
All preservatives added will be prepared using reagent grade

chemicals. Specific chemical preservatives are described in
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Table A~1. Most of samples for chemical analysis will be kept

iced to 4°C for the purpose of sample preservation.

Filtered groundwater samples will be submitted for metal
analysis. Filtering will occur in the field immediately after
sample collection. The filtering procedures is included in
Appendix H of the August 1987 QAPP. Samples will be filtered
through 0.45 micron filter paper using a pressure filtration
device. All filtered samples will be preserved appropriately

after filtration.

SAMPLING TEAM MEMBERS AND SCHEDULE

The following responsibilities have been assigned for the

field sampling activities:

o) SMO Contact

Carol Shaffer/U.S. EPA

o Site Manager (SM)

Alpheus Sloan/CH2M HILL

o Sample Team Leader

Jeff Keiser/CH2M HILL
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The remaining sampling team members will be from CH2M HILL

or associate firms.

Fieldwork activities are scheduled to begin in March 1988 and
- last for approximately 4 weeks. The CPMS/CRL will be noti-

fied approximately 1 month prior to initiation of sample

collection activities. The SMO will be notified from the

CPMS/CRL for sample collection and activities.

~ SAMPLING DOCUMENTATION

See the Sampling Plan of the August 1987 QAPP.

WASTE DISPOSAL

Waste generated during the Predesign Investigation are
expected to consist of excess soil from subsurface soil sam-
pling and drilling cuttings, water from well drilling and
development, well purge water, wastes from decontamination,
- and protective clothing. These wastes with HNu and OVA read-
ings above background will be collected in Department of
Transportation (DOT) approved S55-gallon drums. The 55-gallon
drums will be labeled and temporarily stored onsite for later

disposal, if considered necessary by EPA.

GLT718/37



Appendix A
Attachment A-1
HAZARDOUS SUBSTANCE LIST (HSL)
AND CONTRACT REQUIRED DETECTION LIMITS (CRDL)

GLT720/550-2



(Page 1 ofg)

Hazardous Substance List (HSL) and
Contract Required Detection Limits (CRDL) **

Detection Limits*

a
Low Water Low Soil/Sediment
Volatiles CAS No. ug/L ug/Kg
1. Chloromethane 74-87<3 10 10
2. Bromomethane 74-83-9 10 10
3. Vinyl Chloride 75-01-4 10 10
4, Chloroethane 75=00-3 10 10
5. Methylene Chloride 75-09-2 5 5
6. Acetone 67-64-1 10 10
7. Carbon Disulfide 75-15=0 5 5
8. 1,1-Dichloroethene 75-35-4 5 5
9. 1,1-Dichloroethane 75=35=-3 5 5
10.trans=1,2-Dichloroethene 156-60-5 5 5
11.Chloroform 67-66<-3 5 5
12.1,2-Dichloroethane 107-06-2 5 5
13.2-8utanone 78~93=-3 10 10
14.1,1,1-Trichloroethane 71-55-6 5 5
15.Carbon Tetrachloride 56-23-5 5 5
16.Vinyl Acetate 108-05-4 10 10
17.8romodichloromethane 715-27-4 5 5
18.1,1,2,2-Tetrachloroethane 79-34-5 5 5
19.1,2-Dichloropropane 78-87-5 5 5
20.trans-1,3-Dichloropropene 10061-02-6 5 5
21.Trichloroethene 79-01-6 5 5
22.Dibromochloromethane 124-48-1 5 5
23.1,1,2-Trichloroethane 79-00-5 5 5
24 ,Benzene 71-43-2 5 5
25.cis-1,3-Dichloropropene 10061-01-5 5 5

(continued)

b
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Detection Limits*

a b
Low Water Low Soil/Sediment
Volatiles CAS No. ug/L ug/kKg
26. 2-Chloroethyl Vinyl Ether 110-75-8 10 10
27. Bromoform 75=25-2 5 5
28, 2-Hexanone 591-78-6 10 10
29. 4-Methyl-2-pentanone 108-10-1 10 10
30. Tetrachloroethene 127-18-4 5 5
31, Toluene 108-88-3 5 5
32. Chlorobenzene 108-90-7 5 5
33. Ethyl Benzene 100-41-4 5 5
34, Styrene 100-42-5 5 5
35. Total Xylenes 5 5

a
Medium Water Contract Required Detection Limits (CRDL) for Volatile HSL

Compounds are 100 times the individual Low Water CRDL.

b
Medium Soil/Sediment Contract Required Detection Limits (CRDL) for
Volatile HSL Compounds are 100 times the individual Low Soil/Sediment

CROL.

(continued)
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Detection Limits*

o d
Low Water Low Soil/Sediment
Semi-Volatiles CAS No. ug/L ug/Kg
36. Phenol 108-95-2 10 330
37. bis(2-Chloroethyl) 111-44-4 10 330
ether

38. 2-Chlorophenol 95-57-8 10 330
39. 1,3-Dichlorobenzene 541-73-1 10 330
40, 1,4-Dichlorobenzene 106-46-7 10 330
41. Benzyl Alcohol 100-51-6 10 330
42. 1,2-Dichlorobenzene 95-50-1 10 330
43, 2-Methylphenol 95-48-7 10 330
44, bis (2-Chloroisopropyl)

ether 39638-32-9 10 330
45, 4-Methylphenol 106-44-5 10 330
46, N-Nitroso-Dipropylamine 621-64-7 10 330
47, Hexachloroethane 67-72-1 10 330
48, Nitrobenzene 98-95-3 10 330
49, Isophorone 78-59-1 10 330
50, 2-Nitrophenol 88-75-5 10 330
51. 2,4-Dimethylphenol 105-67-9 10 330
52. Benzoic Acid 65-85-0 50 1600
53. bis(2-Chloroethoxy)

methane 111-91-1 10 330
54, 2,4-Dichlorophenol 120-83-2 10 330
55. 1,2,4-Trichlorobenzene 120-82-1 10 330
56. Naphthalene 91-20-3 10 330
57. 4-Chloroaniline 106-47-8 10 330
58. Hexachlorobutadiene 87-68-3 10 330
59, 4-Chloro-3-methylphenol

(para-chloro-meta-cresol)}59- -50-7 10 330
60. 2-Methylnaphthalene 91-57-6 10 330
61. Hexachlorocyclo-

pentadiene 77-47-4 10 330

62. 2,4,6-Trichlorophenol 88-06-2 10 330
63. 2,4,5-Trichlorophenol 95-95-4 50 1600

(continued)
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Detection Limits*

¢ d
Low Water Low Soil/Sediment

Semi~Volatiles CAS No. ug/L ug/Kg
64, 2-Chloronaphthalene 91-58-7 10 330
65. 2-Nitroaniline 88-74-4 50 1600
66. Dimethyl Phthalate 131-11-3 10 330
67. Acenaphthylene 208-96-8 10 330
68. 3-Nitroaniline 99-09-2 50 1600
69. Acenaphthene 83-32-9 10 330
70. 2,4-Dinitrophenol 51-28-5 50 1600
71. 4-Nitrophenol 100-02-7 50 1600
72. Dibenzofuran 132-64-9 10 330
73. 2,4-Dinitrotoluene 121-14-2 10 330
74, 2,6-Dinitrotoluene 606~20-2 10 330
75. Diethylphthalate 84-66-2 10 330
76. 4-Chlorophenyl Phenyl

ether 7005-72-3 10 330
77. Fluorene 86-73-7 10 330
78. 4-Nitroaniline 100-01-6 50 1600
79. 4,6-Dinitro-2-methyl- _

phenol 534-52-1 50 1600
80. N-nitrosodiphenylamine B86-30-6 10 330
81. 4-Bromophenyl Fnenyl

ether 101-55-3 10 330
82. Hexachlorobenzene 118-74-1 10 330
83. Pentachlorophenol 87-86=5 50 1600
84. Phenanthrene 85-01-8 10 330
85. Anthracene 120-12-7 10 330
86. Di-n-butylphthalate 84-74-2 10 330
87. Fluoranthene 206-44-0 10 330
88, Pyrene 129-00-0 10 330
89. Butyl Benzyl .

Phthalate 85-68-7 10 330
90, 3,3-Dichlorobenzidine 91-94-1 20 660
91, Benzo (a)anthracene 56-55-3 10 330
92, bis(2-ethylhexyl)

phthalate 117-81-7 10 330

(continued)
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Detection Limits*

c
Low Water Low Soil/Sediment
Semi-Volatiles CAS No. ug/L ug/Kg
93. Chrysene 218-01-9 10 330
94, Di-n-octyl Phthalate 117-84-0 10 330
85, Benzo(b)fluoranthene 205-99-2 10 330
96, Benzo(k)fluoranthene 207-08-9 10 330
97. Benzo(a)pyrene 50-32-8 10 330
98, Indeno(1,2,3=-cd)
pyrene 193-39-5 10 330
99, Dibenz(a,h)
anthracene 53-70-3 10 330
100, Benzo(g,h,i)perylene 191-24-2 10 330

(o

d

Medium Water Contract Required Detection Limits (CRDL) for Semi-Volatile

HSL Compounds are 100 times the individual Low Water CRDL.

Medium Soil/Sediment Contract Required Detection Limits (CRDL) for
Semi-Volatile HSL Compounds are 60 times the individual Low Soil/

Sediment CRDL.

d



Comgound

Metals:

1.
2.
3.
4,

16.

i9.
20.

21.
22.
23.

Aluminum

-Ant imony

Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

. Lead

Magnesium
Manganese
Mercury
Nickel

. Potassium
. Selenium

Silver
Sodium
Thallium
Vanadium
Zinc
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Appendix B
SPECIAL ANALYTICAL SERVICES (SAS)

Attachment B-1: SAS for Water Samples
Attachment B-2: SAS for Quick Turnaround Results
Attachment B-3: SAS for High Hazard Protocols
Attachment B-4: SAS for Low Detection Limits

Attachment B-5: SAS for Geotechnical Parameters
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SPECIAL ANALYTICAL SERVICES FOR WATER SAMPLES
(COD, ALKALINITY, CHLORIDES, TSS, TDS)
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U.S5. Environmental Protection Agency SAS Number
HWI Sample Management QOffice [ ]
P.0. Box 818, Alexandria, Virginia 22313

PHONE: (703) 557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

[x] Regional Transmittal [ ] Telephone Request

EPA Region and Site Name: Region V, NSL/ECC

A
B. Regional Representative: Dennis Wesolowski
C

Telephone Number: (312) 886-1871

D. Date of Request:

Please provide below a description of your request for Special Analytical
Services under the Uncontrolled Hazardous Waste Dumpsite Progranm. In
order to most efficiently obtain laboratory capability for your request,
please address the following considerations, if applicable. Incomplete
or erroneous information may result in delay in the processing of your
request. Please continue response on additional sheets, or attach
supplementary information as needed.

1. General description of analytical service requested:

b j t d of alth. This S uest is
in i ical rot u .
analvtical protocols of the ISBH are attached in Appendix D of the QAPP

submitted to the U.S. EPA, August 1987,

2. Definition and number of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aqueous or
Soil and sediments; and whether low, medium, or high concentrations):

e
listed above., _All samples will be unfiltered.

3. Purpose of analysis (specify whether Superfund (Remedial or
Enforcement), RCRA, NPDES, ETC.):

E esi vesti ion

4., Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by Overnight Carrier
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6. Approximate number of days results required after lab receipt of
samples:

Laboratory should report results within 20 days of receipt of samples.

7. Analytical protocol required (attach copy if other than a protocol
currently used in this program):

ISEH Low level spectrophotometric method attached for COD concentrations
less than 80 mg/l. ISEH Mid level spectrophotometric method attached for
CODb concentrations qreater than 50 mg/l. Samples will be preserved in
the field with & ml of 1:1 sulfuric acid.

8. Special technical instructions (if outside protocol requirements,
specify compound names, CAS numbers, detection limits, etc.):

Use potassium acid phthlate for the spike. Holding time is not to exceed
28 days from date of collection. The low level method will be used for
COD concentrations less than 50 mg/l and the mid level method will be
nused for COD concentrations greater than 50 mg/l. Separate OC audits
will be performed for each method if both are used. Dilute and rerun
samples with absorbances higher than the highest standard.

9. Analytical results required (if known, specify format for data
sheets, QA/QC reports, Chain—-of Custody documentation, etc.). If not
completed, format of results will be left to program discretion.

Test procedures used will be clearly identified. Hench records
tabulating the order of calibration standards, label control standards,
lab blanks, samples, etc. with resulting absorbance or concentration
readouts will be provided along with copies of work sheets used to
calculate results. All records of analysis and calculations must hbe
legible.

10. Other (use additional sheets or attach supplementary information, as
needed) :

11. Name of sampling/shipping contact: Jeff kKeiser

Fhone: (414) 272-2426

Flease return this request to the Sample Management Office as soon as
possible to expedite processing of your request for special analytical
services. Should you bhave any questions or need any assistance, please
call the Sample Management Office.



COD - page 3
I. DATA REQUIREMENTS
Farameter Detection Limit Frecision Desired

(+/— % or conc.)

COD low level 3 mqg/l +/— 9 mg/l

COD mid level 30 mg/l +/— 10 mg/l

II. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limitsxk
(+/— % or conc.)
= for runs < 10
Matriy spike 1 1 per 10 for runs =10 804 - 120%
Duplicate 2 for runs < 10 10% or 3 mg/l

1 per 10 for runs 10

EFA GQC Demand Reference 1 per this project 804 = 1207 recovery

Samples 2
1 set of 2 ampules

IT1I. XAction Required if Limits are Exceeded:

Contact Chuck Elly at EFA Region V CFSM (phone (312) Z3Z2-92087)

1. Matrix spike will provide COD greater than 204 of the sample COD but
will not exceed the working range.

2. Both the low and high level QC Demand samples will be run with the
low level method but only the high level sample must be run with the
high level test.
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6. Approximate number of days results required after lab receipt of
samples:

Laboratary should report results within 20 days of receipt of samples.

7. Analytical protocol required (attach copy if other thamn a protocol
currently used in this program):

See attached method. ISEH Code No., SNF-A-3-74 using glasgs fiber filter
discs without organic binder such as Millipore AFP—-40, Reeves dngel 934-
AH, Gelman A/E, or eguivalent. Membrane filter apparatus using 47mm
diameter glass fiber filter and coarse (40-460) micron fritted disc as
filter support must be used. The filter and support specifications are
mandatory. Sample will be collected in a one liter bottle and must be
kept at 4 o C until data are validated. Holding time is 7 days from date
of collection.

8. Special technical instructions (if outside protocol requirements,
specify compound names, CAS numbers, detection limits, etc.):

1. Do not filter more than a 200 ml sample aligquot. :

2. Duplicate sample aliguots will be filtered with two or more
intervening samples

I Aliquot filtered should provide residue greater than 1.0 mg far
aliquots less than 200 ml.

4. Residues are tao be weighed tg constant weight pursuant tao Fart 7.1

Method 1&60. Final weight is to be used for calculations.

?. Analytical results required (if known, specify format for data
sheets, GA/OC reports, Chain-of Custody documentation, etc.). If not
completed, format of results will be left to program discretion.

Bench records of tare weiqhts, final weights, volumes filtered, order of
blanks, duplicates, samples filtered will be provided along with copies
of worksheets used to calculate results. Specify manufacturer tvpe and
diameter (mm) of glass fiber filter used. All records of analysis and
calculations must be legible,

10. Other (use additional sheets or attach supplementary information, as
needed)

11. Name of sampling/shipping contact: Jeff Keiser

FPhone: (414) 272-~-2426

FPlease return this request to the Sample Management Office as soon as
possible to expedite processing of your request for special analytical
services. Should you have any questions or need any assistance, please
call the Sample Management Office.
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I. DATA REQUIREMENTS

Farameter

Suspended Solids

Detection Limit

2 = 3 mg/l for Z00 ml

Frecision Desired

(+/— % or conc.)

0.3 mg for duplicates

II. QUALITY CONTROL REQUIREMENTS

Audits Required

Lab Duplicate

Freguency of Audits

1 per run and 1 per

Lab ERlank

10 samples

1l per run and 1 per

10 samples

EFA OC Residue Reference 1 per this project

1l set of 2 samples

III. %Action Required if Limits are Exceeded:

+ /=

Limitsx
(+/— % or conc.)

0.3 mq

+/ -

0.3 mg

2 mgq/l for nominal

caonc

e

Contact Chuck Elly at EPA Region V CFMS (phone (3Z12) 3I53

—-9087)
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6. Approximate number of days results required after lab receipt of
samples:

l.aboratary should report results within 30 days of receipt of samples,.

7. Analytical protocol required (attach copy if other than a protocol
currently used in this program):

1SEH Code No. SF—-A-3-74

8. Special technical instructions (if outside protocol requirements,
specify compound names, CAS numbers, detection limits, etc.):

Use aliquots of 100 ml: however do not use sample aliquots vielding more
than 200 mg of residue. Repeat analysis if residue is greater than 200
mg, using smaller aliquot. If pH is lesss than 4.0, raise pH value of
aliguot to between pH 4 and B8 using NaOH, Subtract the weight of the
sodium added from the weight of the residue. Samples will be kept at 4 o
C until analvysis and validation of results. For TDS, the holding time is
48 hours.,. Contact CFMS, CRL prior to use of any other kind of method.

2. Analytical results required (if known, specify format for data
sheets, QA/QC reports, Chain-of Custody documentation, etc.). If not
completed, format of results will be left to program discretion.

Test procedure used will be clearly identified. Bench recaords tabulating
weights used for caluculations and to determine constant weight will hbe
provided along with copies of work sheets used to calculate TDS results,
All records and calculations must be legible.

10. Other (use additional sheets or attach supplementary information, as
needed) :

11. Name of sampling/shipping contact: Jeff kKeiser

Fhone: (414) 272-2426

Flease return this request to the Sample Management Office as saon as
possible to expedite processing of your request for special analytical
services. Should you have any questions or need any assistance, please
call the Sample Management Office.
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I. DATA REQUIREMENTS

Farameter Detection Limit Frecision Desired
(+/— %4 or conc.)
Dissolved salids 10 mg/1 +/— 10 % for
duplicates or 2 mg/l
far values » 200 mg/l
I1. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits Limitsx
(+/— 4 or conc.)
Lab Duplicate i per run and 1 per +/- 10 mg/1l

10 samples

Lab Blank 1 per run and 1 per

+/— 2 mg/l or 10%

10 samples

EFa QC Mineral Reference 1 per this project

set of 2 samples

II1. *Action Required if Limits are Exceeded:

Contact Chuck Elly at EPA Reqgion V CFMS (phone

(Z12)

83%4 ~— 113% revovery

I53-9087)
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b Approximate number of days results required after lab receipt of
samples:

Laboratory should report results within 30 davys of receipt of samples.

7. Analytical protocol required (attach copy if other than a protocol
currently used in this program):

ISEH Code No. Alk-E-11-81

8. G&Special technical instructions (if outside protocol requirements,
specify compound names, CAS numbers, detection limits, etc.):

Samples should be stored at 4 o C until analysis and validation of
results. Sample holding time should not exxceed 7 days from date of
collection. Use potentiometric titration to pH 4.5 for alkalinity
concentrations equal to gor greater than 20 mg/l as CaCD3. Do not use
titrant volumes greater than 50 ml. Use only the method specified above.
Obtain approval of CFMs, CRL prior to use of any other method.

?. Analytical results required (if known, specify faormat for data
sheets, QA/QGC reports, Chain—-of Custody documentation, etc.). If not
completed, format of results will be left to program discretion.

Test procedures used will be clearly identified. Bench records
tabulating the order of titrant standardization, lab blanks, =zamples, lab
control standard, spikes, duplicates, etc. with resulting titrant volume
or titrant readouts will be provided along with copies of work sheets
used to calculate results. All records of analysis and calculations must
be legible.

10, Other (use additional sheets or attach supplementary information, as
needed) :

11. Name of sampling/shipping contact: Jeff keiser

Phone: (414) 272-2424

Flease return this request to the Sample Management Office as soon as
possible to expedite processing of your request for special analytical
services. Should you have any questions or need any assistance, please
call the Sample Management Office.
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1. DATA REQUIREMENTS

Farameter

Alkalinity

Detection Limit

Precision Desired

(+/— % or conc.)

II. QUALITY CONTROL REGQUIREMENTS

Audits Required

Sample spike

Lab Duplicate

2 mg/l for low level +/= 10% for =20 mg/l
and 20 mg/l high level CaCD3 and +/—- 2 mag/sl
CaCoi for <20 mq/l
CaCOox=
Frequency of Audits LimitsX

1 per run _and 1 per

(+/— 7% or conc.)

89% — 115% recovery

20 samples

1 per run and 1 per

+/=10% for high level

Lab Blank

10 samples

1l per run and 1 per

EFA GC Demand Reference

10 samples

1l per this project

“9 mg/l for high
level

~a

“2 mg/l for low
level
804 - 113%3% recovery

1 set of 2 ampules

Titrant standardization

ance each week

1I1. XAction Required if

Contact Chuck

l.imits are Exceeded:

Elly at EFA Region V CPMS {(phone {312)

353-9087)
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6. Approximate number of days results required after lab receipt of
samples:

Laboratory should report results within 20 davys of receipt of samples.

7. Analytical protocol required (attach copy if other than a protocol
currently used in this program):

ISBH Code No. Cl1-C-6-79

8. Special technical instructions (if outside protocol requirements,
specify compound names, CAS numbers, detection limits, etc.):

Sample will be kept at 4 £ wuntil analysis and validation of results.
Dilute and rerun samples with absorbances higher than the highecst

standard. The holding time is not to exceed 28 days from the date of
sample collection. Standards  will be prepared daily from the stock
solution. Autaomated potentiometric titrators can be used for Standard
Methods 407c. A minimum 5 point standard curve should be used (0 to 4
standards) . Use only method specified above. Obtain approval of CFMS,
CRL, prior to use of any other method. Rewrite GSAS request to reflect

new methodology.

?. Analytical results required (if known, specify format for data
sheets, GQA/QC reports, Chain-of Custody documentation, etc.). It not
completed, format of results will be left to program discretion.

Identifvy the method used. Bench records tabulating the order of titrant

standardization, lab blanks, duplicates, samples, spikes, etc., with
resulting titrant volumes or abscorbance readings will be provided along
with copies of worksheets used to calculate results. All records of

analysis and calculations must be legible.

10. Other (use additional sheets or attach supplementary information, as
needed) :

11. Name of sampling/shipping contact: Jeff kKeiser

Fhone: (414) Z272-2426

FPlease return this request to the Sample Management Office as soon as
possible to expedite processing of your request for special analytical
services. Should you have any guestions or need any assistance, please
call the Sample Management Dffice.
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1. DATA REQUIREMENTS
Parameter Detection Limit Frecision Desired
(+/— %4 or conc.)

Chlorides 1 mg/1 +/— 10 %4 or within 1 mqg/}
for conca. w10 mg/1l
results to  be reported o

the nearest 1 mg/1l and to
2 significant figures for

conc. exceeding 10 mg/l

I1. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limitsx
(+/- % or conc.)

Lab Duplicate 1l per run and 1 per 10% or 27 mg/l
10 samples

Labh Blank l per run and 1 per 2 ma/l
10 samples

EFA GC Mineral ref. 1l per this project 85% — 115%

samples, 1 set of 2

ampules

Matris spike 1 1 per run _and 1 per 854  — 115%% recovery
10 samples

Calibration verification 1 per 10 samples and PO % = 110 %4

check sample beqginning of each run

I11. XAction Required if Limits are Exceeded:

Contact Jay Thakkar or Chuck Elly at the Region V CRL if limits are not
met after reanalvzing the sample.

1. Sample spike concentration will be greater than Z0% of the sample
concentration, but spiked sample will not exceed the working range of the
standard curve.l
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Appendix B
Attachment B-2
SPECIAL ANALYTICAL SERVICES (SAS)
QUICK TURNAROUND RESULTS OF
RAS METALS AND ORGANICS

FOR



U.S. Environmental Protection Agency
HWI So:!;lo Vanagement Office — SAS Number
P.0. Box 818, Alexandria, Virginie 22313
PHONE: (703) $37-2090 or FTS-557-2090

SPECIAL ANALYTICAL SERVICES
Regiona! Request

Regiona! Transmittal Telephone Request

A. EPA Region and Site Name:_ Region V., NSL/ECC
8. Regional Representative: Dennis Wesolowski
C. Telephone Number: (312) __886-1971

D. Date of Request:

Please provide below a description of your request for Special Analytical Services under
the Uncontrolled Hazsrdous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for your request, plesse address the following considerations, if
spplicable. (Incomplete or erroneous information mey result in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. Cenersl description of analytical service requested:

Quick turnaround organics analysis for 23 soil samples for VOCs and A,B/N extractables,

consistent with RAS protocol.

2. Definition and number of work units invoived (specify whether whole samples or
fractions; whether orgenics or Inergenics; whether aquecus or soll and sediments;
and whether low, medium, or high concentration):

23 Total soil samples--Low concentration organics.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, otc.): a

Enforcement, Predesign Investigations

8, Estimated date(s) of collection:

S. Estimated date(s) and method of shipment: Daily by overnight carrier
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6. Approximate number of days results required after lab receipt of samples:

Laboratory should report results within 30 days after receipt of samples.

7. Analytical protocol required (attach copy If othar than a8 protocol currently used in
this program): '

Same as IFB

8. Special technical Instructions (If outside protocol requiremants, specify com d
mp;:ls, CAS numbers, detection limits, etc.): pecify poun

Same as IFB

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). (f not completed, format of results will be
left to program discretion.

Same as IFB

10. Other (use additional sheets or attach supplementary informetion, as needed):

11. Name of sampling/shipping contaet: Jofr xeiser
' Phone: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please cail the Sample Management Office.



I. DATA REQUIREMENTS

Paraineter Detection Limit Precision Desired
“{tV or Conc.)
Same as IFB Same as IFB Same as IFB

1. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limits® (2% or Conc.)

Same as IEB —Same as IFB Same as 71FB

itl. *Action Required If Limits are Exceeded:

Same as IFB




U.S. Environmental Protection Agency '

HWI su:;n Vansgement Office SAS Number |
P.0. Box 818, Alexandria, Virginie 22313
PHONE: (703) $37-2090 or FTS$-537-2090

SPECIAL ANALYTICAL SERVICES
Regional Request

Regiona! Transmittal Telephone Request

A. EPA Region and Site Name:_Region V, NSL/ECC
8. Regional Representative:__ Dennis Wesolowski
C. Telephone Number: (312) _ 886-1971

D. Date of Request:

Please provide below 8 description of your request for Specis! Analytical Services under
the Uncontrolied Hazsrdous Waste Dumpsite Program. (n order to must efficiently obtain
laboratory capability for your request, please address the following considerstions, if
spplicable. (ncomplete or erronecus information may result in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. Ceneral description of analytical service requested:

Quick turnaround inorganics analysis for 23 soil samples for metals consistent with

RAS protocol.

2. Definition and number of work units invoived (specify whether whole samples or
fractions; whether orgenics or inorganics; whether aquecus or soll and sediments;
snd whether low, medium, or high concentration):

23 Total soil samples--Low concentration metals.

3. Purpose of snalysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, eote.): :

Enforcement, Predesign Investigations

8. Estimated date(s) of collection:

3. Estimated date(s) and method of shipment: Daily by overnight carrier
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¢. Approximate number of days resuits required after lab receipt of samples:

Laboratory should report results within 30 days after receipt of samples.

7. Analytical protocol required (attach copy If ether than 8 pretocol currently used in
this program): '

Same as IFB

8. Special technical instructions (If outside protecol uiremants, specify com d
nap:lu. CAS numbers, detection limits, etc.): e pecify poun

Same as IFB

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to progrsm discretion.

Same as IEE

10. Other (use additional sheets or sttach supplementary information, as needed):

11. Name of sampling/shipping contact: _Jeff Keiser

Phone: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any ‘questions
or need any assistance, please call the Sample Managsment Office,



I. DATA REQUIREMENTS

Parsineter Detection Limit Precision Desired
TtV or tonc.)
Same as IFB Same as IFB Same as IFB

1. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limits® (2% or Conc.)
—Sape a3 IEB Same as _IFB Same as 71FB

111, *Action Required If Limits are Exceeded:

Same as IFB




U.S. Environmental Protection Agency

HWI Sample Vanagement Office I SAS Number

P.0. Box 018, Alexsndria, Virginia 22313
PHONE: (703) $37-2090 or PTS-357-2090

SPECIAL ANALYTICAL SERVICES
Regiona! Regquest

Regional Transmittal Telephone Request

A. EPA Region and Site Name:_Region V. NSL/ECC
8. Regional Representative: Dennis Wesolowski
C. Telephone Number: (12) __886-1971

D. Date of Request:

Please provide below a description of your request for Specis! Analytical Services under
the Uncontrolled Hazardous Waste Dumpsite Program. (n order to must efficiently obtain
laboratory capability for your request, plesse address the following considerations. If
spplicable. (ncomplete or erronecus informstion mey result in delay in the processing
of your request. Please continue response on additions! sheets, or sttach suppiementary
information as needed.

1. Ceneral description of analytical service requested:

Quick turnaround organics analysis for 20 water samples for VOCs and A,B/N extractables,

consistent with RAS protocol.

2. Definition and number of work units Invoived (specify whether whole samples or
fractions; whether organics or inorganics; whether aquecus or soll and sediments;
and whether low, medium, or high concentration):

20 Total groundwater samples--low concertration organics. Unfiltered samples will he

analyzed.

3. Purpose of snalysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPODES, “9’3 a

Enforcement, Predesign Investigation

8. Estimated date(s) of collection:

S. Estimated date(s) and method of shipment: Daily by overnight carrier
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6. Approximate number of days results required after 1ab receipt of samples:

Laboratory should report results within 30 days after receipt of saﬁples.

7. Analytical protoco! required (attach copy If ethar than a protoco! currently used in
this program):

same as IFB

8. Special technical instructions (If outside protecol uiremants, s compound
mp;:l" CAS numbers, detection limits, etc.): e pecify pou

Same as IFB

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). (f not completed, format of results will be
left to program discretion.

Same _as IFB

10. Other (use additional sheets or sttach supplementary Information, as needed):

Jeff Keiser

11. Name of sampling/shipping contact:
' Phone: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managsment Office,



I. DATA REQUIREMENTS

Parameter Detection Limit
R — SEm—
Same as IFB Same as IFB

Same as IFB

1. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits

~Same as IEB —Same 3s JFB_

Limits® (28 or éonc.)

Same as 7FB

il. *Action Required If Limits sre Exceeded:

Same as IFB




U.S. Environmental Protection Agency _ ‘
HWI Sample NVansgement Office ' umber
P.0. Box 818, Alexandria, Virginis 22313 :
PHONE: (703) 887-2090 or PTS-557-20490

SPECIAL ANALYTICAL SERVICES
Regiona! Request

Regiona! Transmittal Telephone Request

A. EPA Region and Site Name:_Region vV, NSL/ECC
8. Regiona! Representative:__ Dennis Wesolowski
C. Telephone Number: (312) __886-1971

D. Date of Request:

Please provide below a description of your request for Special Analytical Services under
the Uncontrolied Hazardous Waste Dumpsite Program. In order to must efficiently obtain

" Isboratory capability for your request, plesse address the following considerations, if

applicable. (ncomplete or erronecus information may result in delay in the processing
of your request. Plesse continue response on additional sheets, or attach supplementary
information as needed.

1. Ceneral description of analytical service requested:

Quick turnaround inorganics apalysis for 20 water samples for metals consistent

with RAS protocol,

2. Definition and number of work units invoived (specify whether whole samples or
fractions; whether orgenics or inorgenics; whether aqueous or soll and sediments;
and whether low, medium, or high concentration):

Twenty total groundwater samples--Low concentration metals. Filtered samples

will be analyzed.

3. Purpose of snalysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, eotc.): .

Enforcement,Predesign Investigations

8. Estimated date(s) of collection:

S. Estimated date(s) and method of shipment: D.j ight carrier.
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- 6. Approximate number of days results required after lab receipt of samples:

Laboratory should report tresults within 30 days after receipt of saﬁples.

7. Analytical protocs! required (8ttach copy If ether than » protocol currently used in
this program): '

Same as IFB

l.' S al technical instructions (If outside proteco! requiremants, s com d
— n::lu. CAS numbers, detection limits, etec.): pecify poun

Same as IFB

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
- Chain-of-Custody documentation, etc.). (f not completed, format of results will be
left to program discretion.

— Same as IFB

10. Other (use additional sheets or sttach supplementary Informstion, as needed):

11. Name of sampling/shipping contact: _ Jeff Keiser

Phone:  414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managesment Office.



I. DATA REQUIREMENTS

Parameter Detection Limit
Same as IFB Same as IFB

Same as IFB

Il. QUALITY CONTROL REQUIREMENTS

Audits Required Prequency of Audits

Limits® (28 or éonc.)

~Same a5 IEB —Same as TFB

Same as IFB

itl. *Action Required If Limits are Exceeded:

Same as IFB
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Attachment B-3
SAS FOR HIGH HAZARD PROTOCOLS FOR WATER HSL VOLATILES
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U.S. Environmental Protection Agency
HWI Sample Management Office — SAS Number
P.0. Box 818, Alexandria, Virginie 22313
PHONE: (703) $87-2090 or PTS-557-20%0

SPECIAL ANALYTICAL SERVICES
Regiona! Request

Regional Transmittal Telephone Request

A. EPA Region and Site Name:_ "°9ion V. NSL/ECC
8. Regional Representative: Dennis Wesolowski
C. Telephone Number: (313 _ 886-1971

D. Date of Request:

Please provide below 8 description of your request for Special Analytical Services under
the Uncontrolled Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for your request, plesse address the following considerations, if
applicable. Incomplete or erronecus information may result in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. Cenaral description of analytical service requested:

Analyze groundwater samples fér HSIL volatiles using the High

Hazard analytical protocol.

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether orgenics or inorgenics; whether aquecus or soil and sediments;
and whether low, medium, or high concentration) :

Analyze 12 groundwater samples for HSL VOCs using the High Hazard Protocol.

The samples will be medium concentration.

3. Purpose of snalysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPD‘S. m0)= -

Enforcement, Predesign Investigation

8. Estimated date(s) of collection:

S. Estimated date(s) and method of shipment: Raily hy oxernight carrier
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§. Approximate number of days results required after 1ab receipt of samples:
Report results within 30 days after receipt of samples. .

7. Analytical protocol required (8ttach copy If other than 8 protocol currently used In
this program):

As specified in proposed U.S. EPA protocol for analysis of high/medium concentration
organics (Rev. 4/85).

s. Special technical instructions (If outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Medium concentrations are anticipated for some samples.

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,

Chain-of-Custody documentation, etc.). If not completed, format of resuits will be
left to program discretion.
Provide deliverables as per proposed U.S. EPA protocol for Analysis of high/medium
concentration organics (Rev. 4/85). Document sample preparation cleanup and analysis.
Report all QA/QC. All records must be legible.

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampling/shipping contaet: Jeff Keiser

Phone: 414/272-2426

Please return this request to the Sample Management Office as scon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managsment Office,



I. DATA REQUIREMENTS

Psrameter Detection Limit Precision Desired
HSL volatiles As per U.S. EPA proposed 2t or “’

protocol for high/medium

organics analysis

(Rev. 4/85)

. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits Limits® (2% or Conc.)

As per U.S. EPA proposed protocol for high/medium organics analysis (Rev. 4/85).

111, *Action Required If Limits sre Exceeded:

Contact Chuck Elly 312/353-9087.
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Attachment B-4

SAS FOR LOW DETECTION LIMITS
FOR GROUNDWATER VOCs
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.S. Environmental Protection Agenc
gm S.:\;lo Vansgement Office 4 — $AS Number
P.O. Box 818, Alexandria, Virginis 22313
PHONE : (703) $37-2090 or FTS-357-2090

SPECIAL ANALYTICAL SERVICES
Regiona! Request

Regional Transmittal Telephone Request
A. EPA Region and Site Name: Region V, NSL/ECC
8. Regional Representative: Dennis Wesolowski
C. Telephone Number: (312 886-1971

D. Date of Request:

Please provide below a3 description of your request for Special Analytica! Services under
the Uncontrolled Hazardous Waste Dumpsite Program. (n order to must efficiently obtain
lsboratory capability for your request, please sddress the following considerations, if
spplicable. (ncomplete or erronecus information may result in delay in the processing
of your request. Please continus response on additiona! sheets, or attach supplementary
information as needed.

1. Cenersl description of analytical service requested:

Analyze groundwater for low levels of VOCs.

2. Definition and number of work units invoived (specify whether whole samples or
fractions; whether organics or inorganics; whather aqueous or soil and sediments;
and whether low, medium, or high concentration):

Analyze 20 groundwater samples for the low level volatiles listed in Table 1 of

the attachment (Method 524.2) immediately following this SAS

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPQ". .“.,3 a

Enforcement, Predesign Investigation

8. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:




WATER Louw Levil volei::.bo
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¢. Approximate number of days results required after lab receipt of samples:

The laboratory will report results within 30 days after receipt of:samples.

7. Analytical protocol required (8ttach copy If other than 8 protocol currently used In
this program):

Method 524.2 attached (Attachment 1)

8. Special technical instructions (If outside protocol requirements, specify cempound
mp;:ls. CAS numbers, detection limits, etc.): pecify po

Qualitatively identify the compounds of interest listed in Table 1. Use all compounds

of interest for matrix spike and matrix spike duplicate analysis. Use 1,2-Dichloro-

ethane-d4 and benzene-d8 for surrogate compounds. Matrix spikes and surrogates will

be spiked at 0.4 ug/1l. See 10 below.

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). (f not completed, format of results will be
left to program discretion.

Report results of all samples, blanks, matrix spikes, matrix spike duplicates and

surrogates, etc., including copies of mass spectra, initial and continuing calibration,

chromatograms, etc. All copies must be legible.

10. Other (use additional sheets or attach supplementary information, as needed):

Use only the narrow bore capillary column for analysis. Obtain prior approval of

CPMS CRL before using any alternate methods.

11. Name of sampling/shipping contact: _ Jeff Keiser
| Phone:  414/272-2426

Please raturn this request 1o the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managesment Office,



LOW LEVEL VOAs IN WATER
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I. DATA REQUIREMENTS
Parsmeter Detection Limit Precision Desired
2% or .
Low Level VOAs Table 1 + 30%
1. QUALITY CONTROL REQUIREMENTS
. -
Audits Required Frequency of Audits ‘ Limits® (28 or Conc.)
At least one per analytical
Laboratorv Blapks Zup.and 1 per 10 samples Detection Limits
At least one per analytical
Matrix Spikes un.and 1 par 10 _sagples 19-120%
. At least one per analytical
Matrix Spike Duplicates run and 1 per 10 samples 70-130%
Surrogates Each Samples 60-140%
_ gC Check Sample 1 per this project 60-140%

I, *Action Required If Limits are Exceeded:

Contact Dennis Wesolowski at U.S. EPA Region V CRL
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METHOD 524.2. VOLATILE ORGANIC COMPOUNDS IN WATER BY
PURGE AND TRAP CAPILLARY COLUMN GAS CHROMATOGRAPHY/MASS SPEC‘I'RMTRY
i (August, 1986)

1. SCOPE AND APPLICATION

1.1 This method is applicadle for the determination of various volatile
organic compounds in finished drinking water, raw source water, or

drinking water in any treatment stage. (1) The following compounds
can be determined by this method:

Chemical Abstract Services

Analyte . Registry Number
Benzene 71-43-2
S8romobenzene 108-86--1
8romochloromethane 74-97-8
8romodichloromethane 75=27-4
8romoform’ 75=25=2
Bromomethane 74-83-9
n-8utylbenzene 104-51-8
sec-Butylbenzene 135-98-8
tert-8utylbenzens 98-06-6
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroethane 75-00-3
Chloroform , 67-66-3
Chloromethane 74-87-3
2=Chlorotoluene 95-49-8
4-Chlorotoluene 106-43-4
01bromochloromsthane 124-48-1
1,2-0{bromo=-3-chloropropane 96-12-8
1,2-Dibromoethane 106-93-4
Dibromomethane 74-95=-3
1,2=-Dichlorcbenzene 95-50-1
1, 3-Dichlorobenzene 541.73-1
1,4=01chlorobenzene : 106-46-7
Oichlorodifluoromethane 75-71-8
1,1-01chloroethane 75=34=3
1,2=-0ichlorvethane 107-06-2
1,1-Dichloroethene 75-35-4

cis-1,2-0ichloroethene




1.2

s

Chemical Abstract Services

Analyte 4 Reqistry Number
trans-1,2-0ichloroethene 156-60-5
1,2-Dichloropropane 78-87-5
1,3-Dichloropropane 142-28-9
2,2-Dichloropropane §90-20-7
1,1-0ichloropropene 563-58-6
Ethylbenzene 100-41-4
Hexachlorobutadiene 87-68-3
Isopropylbenzene 98-32-8
p-Isopropylitoluene 99-87-6
Methylene chloride 75-09-2
Naphthalene 91-20-3
n-Propylbenzene 103-65-1
Styrene 100-42-5
1,1,1,2-Tetrachloroethane 630-20-6
1,1,2,2-Tetrachlorcethane 79-34-5
Tetrachloroethene 127-18-4
Toluene 108-88-3
1,2,3-Trichlorobenzene 87-61-6
1,2,4=Trichlorobenzene 120-82-1
1,1,1-Trichloroethane 71-55-6
1,1,2=-Trichloroethane 79-00-5
Trichloroethene 79-01-6
Trichlorofluoromethane 75-69-4
1,2,3-Trichloropropane 96-18-4
1,2,4-Trimethylbenzene 95-63-6
1,3,5-Trimethylbenzene 108-67-8
Vinyl chloride 75-01-4
o-Xylene 95-47-6
m=-Xylene 108-38-3
p-Xylene 106-42-3

Method detection limits (MOLs) (2) are compound dependent and vary

with purging efficiency and concentration. The MOLs for selected
analytes are presented in Table 1. The applicable concentration
range of this method is compound and instrument dependent but is
approximately 0.1 to 200 ug/L. Analytes that are inefficiently
purged from water will not be detected when present at low
concentrations, but they can be measured with acceptable accuracy
and precision when present in sufficient amounts. Oetermination of
some geometrical {somers (i.e., xylenes) may Be hampered by
coelution. '



1.3 This method is recommended for use only by analysts experienced in
the measurement of purgeable organics at the low ug/L level or by

experienced technicians under the close supervision of a qualified
analyst. -

2. SUMMARY OF METHOO

2.1 Highly volatile organic compounds with low water solubility are
extracted (purged) from the sample matrix by bubbling an inert gas
through a 25 mi aqueous sample. Purged sample components are .
trapped fn a tube containing suitable sorbent materials. When
purging is complete, the sorbent tube {s heated and backflushed
with helium to desord trapped sample components. The analytes are
desorbed directly to a2 large bore capillary or cryofocussed on a
capillary precolumn before being flash evaporated to 2 narrow bore

- capillary for analysis. The column {s temperature programmed to
separate the method analytes which are then detected with a mass
spectrometer (MS) interfaced to the gas chromatograph.

Wide-bore capillary columns generally require a jet separator,

whereas narrow-bore capillaries can be directly interfaced to the
fon source.

2.2 Tentative identifications are confirmed by analyzing standards
under the same conditions used for samples and comparing resultant
mass spectra and GC retention times. Each identified component is
measyred by relating the MS response for an appropriate selected
fon produced by that compound to the MS response for another ion
produced by a compound that is used as an intermal standard.

3. INTERFERENCES

3.1 During analysis, major contaminant sources are volatile materials
in the laboratory and impurities in the inert purging gas and in
the sorbent trap. The use of non-polytetrafluoroethylene (PTFE)
plastic tubing, non-PTFE thread sealants, or flow contrallers with
rubber components in the purging device should be avoided since
such materials out-gas organic compounds which will be concentrated
in the trap during the purge operation. Analyses of laboratory
reagent blanks (Sect. 9.1.3) provide information about the presence
of contaminants. When potential interfering peaks are noted in
laboratory reagent blanks, the analyst should change the purge gas
source and regenerate the molecular sieve purge gas filter (Fig.
1). Subtracting blank values from sample results is not permitted.



3.2 Interfering contamination may occur when a sample containing low

3.3

concentrations of volatile organic compounds is analyzed
jmmediately after 2 sample containing relatively high
concentrations of volatile organic compounds. A preventive
technique is between-sample rinsing of the purging apparatus and
sample syringes with two portions of reagent water. After analysis
of a sample containing high concentrations of volatile organic
compounds, one or more laboratory reagent blanks should be analyzed
to check for cross contamination. For samples containing large
amounts of water soluble materials, suspended solids, high boiling
compounds or high levels of compounds being determined, it may be
necessary to wash out the purging device with a soap solution,

rinse it with reagent water, and then dry it in an oven at 105°C
between analyses.

Spectal precautions must be taken to analyze for methylene
chloride. The analytical and sample storage area should be
isolated from all atmospheric sources of methylene chloride,
otherwise random background levels will result. Since methylene
chloride will permeate through PTFE tubing, all gas chromatography
carrier gas lines and purge gas plumbing should be constructed from
stainless steel or copper tubing. Laboratory clothing worn by the
analyst should be clean since clothing previously exposed to
methylene chloride fumes during common 1iquid/liquid extraction
procedures can contribute to sample contamination.

4, SAFETY

4.1

4.2

The toxicity or carcinogenicity of chemicals used in this method
has not been precisely defined; each chemical should be treated as
a potential health hazard, and exposure to these chemicals should
be minimized. Each laboratory is responsible for maintaining
awareness of OSHA regulations regarding safe handling of chemicals
used in this method. Additional references to laboratory safety
are available (3-5) for the information of the analyst.

The following method analytes have been tentatively classified as
known or suspected human or mammalian carcinogens: benzene, carbon
tetrachloride, 1l,4-dichlorobenzene, 1,2-dichlorethane, hexachloro-
butadiene, 1,1,2,2-tetrachloroethane, 1,1,2-trichloroethane,
chloroform, l,2-dibromoethane, tetrachlorcethene, trichlorcethene,
and vinyl chloride. Pure standard materials and stock standard
solutions of these compounds should be handled in a hoad. A
NIOSH/MESA approved toxic gas respirator should be worn when the
analyst handles high concentrations of these toxic compounds.



5.

APPARATUS AND EQUIPMENT

5.1 SAMPLE CONTAINERS - 60-mL to 120-ml screw cap vials (Pierce #19832

5.2

or equivalent) each equipped with a PTFE~faced silicone septum
(Pierce #12718 or equivalent). Prior to use, wash vials and septa
with detergent and rinse with tap and distilled water. .Allow the
vials and septa to air dry at room temperature, place in a 105°C
oven for one hour, then remove and allow to cool 1n an area known
to be free of organics.

PURGE AND TRAP SYSTEM - The purge and trap system consists of three
separate pieces of equipment: purging device, trap, and desorber.
Systems are commercially available from several sources that meet
all of the following specifications.

5.2.1 The all glass purging device (Fig. 1) must be designed to
accept 25-mL samples with a water column at least 5 cm
deep. Gaseous volumes above the sample must be kept to a
minimm (< 15 mL) to eliminate dead volume effects. A glass
frit should be installed at the base of the sample chamber
s0 the purge gas passes through the water column as finely
divided bubbles with a diameter of < 3 mm at the origin.
Needle spargers may be used, however, the purge gas must be
1n¥roduced at a point < 5 mn from the base of the water
column,

5.2.2 The trap (Fig. 2) must be at least 25 cm long and have an
inside diameter of at least 0.105 in. Starting from the
inlet, the trap should contain 1.0 cm of methyl silicone
coated packing and the following amounts of adsorbents: 1/3
of 2,6-diphenylene oxide polymer, 1/3 of silica gel, and 1/3
of coconut charcoal. Before initial use, the trap should be
conditioned overnight at 180 C by backflushing with an inert
gas flow of at least 20 al/min. Vent the trap effluent to
the room, not to the analytical column. Prior to daily use,
the trap should be conditioned for 10 minutes at 180°C with
backflushing. The trap may be vented to the analytical
column during daily conditioning; however, the column must
be run through the temperature program prior to analysis of
samples.

§.2.3 The use of the methyl silicone coated packing is
recommended, but not mandatory. The packing serves a dual
purpose of protecting the adsorbent from aerosols, and also
of insuring that the adsorbent is fully enclosed within the
heated zone of the trap thus eliminating potential cold
spots. Alternatively, silanized glass wool may be used as a
spacer at the trap inlet.



5.2.4 The desorber must be capable of rapidly heating the trap to
180°C. The polymer section of the trap should not be heated
higher than 200 C or the life expectancy of the trap will
decrease. Trap faflure is characterized by a pressure drop
in excess of 3 pounds per square inch across the trap during
purging or by poor bromoform sensitivities. The desorber
design illustrated in Fig. 2 meets these criteria.

5.2.5 Figures 3 and 4 show typical flow patterns for the
purge-sorb and desorb modes.

5.3 GAS CHROMATOGRAPHY/MASS SPECTROMETER/DATA SYSTEM (6C/MS/DS)

S.3.1 The 6C must be capable of temperature programming and should
be equipped with variable—constant differential flow
controllers so that the column flow rate will remain -~

onstant throughout desorption and temperature program
{ operation. Ihz_cgl¥gﬂ_233ﬂ~m!§§.h§_cnalﬁd_tn_£301£.

% therefare, a_subambient oven cantraller is required. The &C
(:usual1y fs interfaced to the MS with an all-glass enrichment
device and an all-glass transfer line, but any enrichment

device or transfer line can be used i{f the performance
specifications described in Sect. 9.2.5 can be achieved.

-~

5.3.4 Gas Chromatographic Column 3 - 30 meter long x 0.32m ID 7~ _ '~
fused silica capillary column coated with Durabond 08-5 (J&W C .
Scientific, Inc.) with a lum film thickness. Helium carrier
gas flow is 4.0 m./min. The column is maintained at 10 C
for S mins, then programmed at 6° /min for 10 min than
15" /min for S min to 145°C. A sample chromatogram obtained
with this column is presented in Fig. 7.
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5.4

5.5

5.6

§.3.5 Mass spectral data are obtained with electron-impact

fonization at a nominal electron energy of 70 The mas
spectrometer must be capable of scanning from
every 23 or less and must produce a mass spectrum that meets

all criteria in Table 3 when S0 ng or less of
4-dromofluorobenzene is introduced into the GC. - To ensure
sufficient precision of mass spectral data, the desirable MS
scan rate allows acquisition of at least five spectra wh11e
a sample component elutes from the GC.

5.3.6 An interfaced data system (DS) is required to acquire,
store, reduce and output mass spectral data. The computer
software must allow searching any GC/MS data file for ions
of a specific mass and plotting ion abundances versus time
or scan number. This type of plot {s defined as an
extracted ion current profile (EICP). Software must also
allow integrating the abundance in any EICP between
specified time or scan number limits.

CAPILLARY INTERFACE - The device interfaces the purge and trap
concentrator to the capillary gas chromatograph. The interface
condenses the desorbed sample components and focuses them into a
narrow band on an uncoated fused silica capillary pre-column. When
the interface is flash heated the sample {s transferred to the
analytical capillary column.

5.4.1 Under a stream of 1iquid nitrogen, the temperature of the
fused silica in the interface is maintained at -150°C during
the cryofocusing step. After the desorption period, the
interface must be capable of rapid heating to +250°C in 15
sec. or less to complete the transfer of analytes.

SYRINGE AND SYRINGE VALVES

5.5.1 Two 25-al glass hypodermic syringes with Luer-Lok tip.

5.5.2 Three 2-way syringe valves with Luer ends.

§.5.3 Micro syringes - 10, 25, 100 ul.

§.5.4 Syringes - 0.5, 1.0, and S5-mL, gas tight with shut-off valve.

MISCELLANEQUS

§.6.1 Standard solution storage containers - 15-mi bottles with
PTFE-11ined screw caps.



6. REAGENTS AND CONSUMABLE MATERIALS
6.1 TRAP PACKING MATERIALS

6.2

6.3

6.1.1

6.1.2

6.1'3
6.1.‘

2,6-Diphenylene oxide polymer, 60/80 mesh, chromatographic
grade (Tenax GC or equivalent).

Methyl silicone packing (optional) - OV-1 (3%) on Chromo-
sorb W, 60/80 mesh, or equivalent.

Silica gel - 35/60 mesh, Davison, grade 15 or equivalent..

Coconut charcoal - Prepare from Barnebey Cheney, CA-580-26
lot #M-2649 by crushing through 26 mesh screen.

REAGENTS

6.2.1
6.2.2

6.2.3

6.2.4

Methanol - ODemonstrated to be free of analytes.

Reagent water - Prepare reagent water by passing tap water
through a filter bed containing about 0.5 kg of activated
carbon, by using a water purification system, or by boiling
distilled water for 15 min followed by a l-h purge with
inert gas while the water temperature is held at 90°C.
Store in clean, narrow-mouth bottles with PTFE-1ined septa
and screw caps.

Hydrochloric acid (1+1) - Carefully add measured volume of
conc. HC1 to equal volume of reagent water,

Vinyl chloride - 99.9% pure vinyl chloride is available from
Ideal Gas Products, Inc., Edison, New Jersey and from
Matheson, East Rutherford, New Jersey. Certified mixtures
of vinyl chloride in nitrogen at 1.0 and 10.0 ppm (v/v) are
available from several sources.

STANDARD STOCK SOLUTIONS - These solutions may be purchased as
certified solutions or prepared from pure standard materials using
the following procedures:

6.3.1

Place about 9.8 m. of methanol into a 10-mlL ground-glass
stoppered volumetric flask. Allow the flask to stand,
unstoppered, for about 10 min or until all alcohol-wetted
surfaces have dried and weigh to the nearest 0.1 mg.



6.4

6.5

6.6

6.3.2 If the analyte is a liguid at room temperature, use a 100-ul
- - syringe and immediately add two or more drops of reference

standard to the flask. Be sure that the reference standard
falls directly into the alcohol without contacting the neck
of the flask. If the analyte is a gas at raom temperature,
fi11 a 5-ol valved gas-tight syringe with the standard to
the 5.0-al mark, lower the needle to 5 mm above the methanol
meniscus, and slowly inject the standard into the neck area
of the flask., The gas will rapidly dissolve in the methanol.

6.3.3 Reweigh, dilute to volume, stopper, then mix by inverting
the flask several times. Calculate the concentration in
micrograms per microlfter from the net gain {n wefght. When
compound purity is certified at 96% or greater, the weight
can be used without correction to calculate the
concentration of the stock standard.

6.3.4 Store stock standard solutfons in 15-m. bottles equipped
with PTFE-1ined screw caps. Methanol solutions prepared
from 1iquid analytes are stable for at least four weeks when
stored at 4 C. Methanol solutions prepared from gaseous
analytes are not stable for more than one week when stored
at <0°C; at room temperature, they must be discarded after
one day.

SECONDARY DILUTION STANDARDS - Use standard stock solutions to
prepare secondary dilution standard solutions that contain the®
analytes in methanol. The secondary dilution standards should be
prepared at concentrations that can be easily diluted to prepare
aqueous calibration solutions (Sect. 8.1) that will bracket the
working concentration range. Store the secondary dilutfon standard
solutions with minimal headspace and check frequently for signs of
deteriforation or evaporation, especially just before preparing
calibration solutions from them. Storage times described for stock
standard solutions in Sect. 6.3.4 also apply to secondary dilution
standard solutions.

INTERNAL STANDARD SPIKING SOLUTION — Prepare a spiking solution
containing fluorobenzene, and 1,2-dichlorobenzene-dq in methanol
using the procedures described in Sect. §.3 and 6.4. It is
recommended that the secondary dilution standard be prepared at a
concentration of 25 ug/mL of each internal standard compound. The
additfon of 10 uL of such a standard to 25.0 ml of sample or
calibration standard would be equivalent to 10 ug/L.

8F8 STANDARD — Prepare a 25-ug/mL solution of bromofluorobenzene
in methanol.



6.7 LABORATORY QUALITY CONTROL STANDARD CONCENTRATE - Using standard
stock solutions, prepare a solution containing each analyte of -
interest at a concentration of 500 times the MCL in methanol.

SAMPLE COLLECTION, PRESERVATION, AND STORAGE

7.1 SAMPLE COLLECTION

7.2

7.3

7.1.1

7.1.2

7.1.3

SAMPLE
7.2.1

7.2.2

SAMPLE
7.3.1

7.3.2

Collect all samples in duplicate. F{11 sample bottles to-
overflowing. No air bubbles should pass through the sample
as the bottle is filled, or be trapped in the sample when
the bottle is sealed.

When sampling from a water tap, open the tap and allow the
system to flush until the water temperature has stabilized
(usually about 10 min). AdJjust the flow to about 500 mL/min
and collect duplicate samples from the flowing stream.

When sampling from an open body of water, f111 a l-quart
wide-mouth bottle or l-l1iter beaker with sample from a
representative area, and carefully f111 duplicate sample
bottles from the container.

PRESERVATION

Adjust the pH of the duplicate samples to <2 by carefully
adding one drop of l:1 HC1 for each 20 ml of sample
volume.(6) Seal the sample bottles, PFTE-face down, and
shake vigorously for one minute.

The samples must be chilled to 4°C on the day of collection
and maintained at that temperature until analysis. Field
samples that will not be received at the laboratory on the
day of collection must be packaged for shipment with
sufficient ice to ensure that they will be at 4°C on arrival
at the laboratory.

STORAGE

Store samples at 4°C until analysis. The sample storage
area must be free of organic solvent vapors.

Analyze all samples within 14 days of collection. Samples
not analyzed within this period must be discarded and
replaced.



8.

CALIBRATION AND STANDARDIZATION

8.1 PREPARATION OF CALIBRATION STANDARDS

8.1.1 A set of at least five calibration standards containing the

8.1‘2

method analytes {s needed. One calibration standard should
contain each analyte at a concentration approaching but
greater than the method detection limit (Table 1) for that
compound; the other calibration standards should contain
analytes at concentrations that define the range of the
method.

To prepare a calibration standard, add an appropriate volume
of a secondary dilution standard solution to an aliquot of
reagent water in a volumetric flask. Use a microsyringe and
rapidly inject the alcoholic standard into the expanded area
of the filled volumetric flask. Remove the needle as
quickly as possible after injection. Mix by inverting the
flask three times only. Discard the contents contained in
the neck of the flask. Aqueous standards are not stable and
should be discarded after one hour unless sealed and stored
as described in Sect. 7.2.

8.2 CALIBRATION

8.2.1

After meeting the BFB criteria in Sect. 10.1, analyze each
calibration standard according to Sect. 10, adding 10 4l of
internal standard spiking solution directly to the syringe.
For each analyte, select a significant characteristic ion.
When feasible, use the most intense ion in the mass
spectrus; when a2 less intense ion is more characteristic and
sufficiently intense to provide necessary sensitivity, use
that fon to avoid possible interferences. Tabulate area
response of the characteristic m/z versus the concentration
for each analyte and internal standard. Calculate response
factors (RF) for each analyte using Equation 1:

RF = (As)(cis) Equation 1
1s’‘\"s’

A¢ = Area of the characteristic m/z for the analyte to be
measured;

Afg « Area of the characteristic m/z for the internal
standard;



8.2.2

8.2.3

8.2.4

Cig = Concentration of the internal standard, in ug/L.
Cs = Concentration of the analyte to be measured, in ug/L.

The choice of which internal standard to use for an analyte
is left to the analyst.

Prepare a calibration curve for each analyte.
Alternatively, 1f the RF for an analyte {s constant (less
than 10% RSD) over the working range, the average RF can be
used for that analyte. |

The working calibration curve or average response factor
must be verified on each working day by the measurement of
one or more calibration standards. [f the quantitation fon
area for any analyte varies from the response determined for
that standard concentration from the calibration curve or
average RF established in Sect. 8.2.2 by more than #20%,
repeat steps 8.2.1 and 8.2.2.

Calfbration for vinyl chloride using a certified gaseous
mixture of vinyl chloride in nitrogen can be accomplished by
the following steps.

8.2.4.1 F111 the purging device with 25.0 mL of reagent
water or aqueous calibration standard.

' 8.2.4.2 Start to purge the aqueous mixture. Inject a known

voluse (between 100 and 2000 ul) of the calibration
gas (at room temperature) directly into the purging
device with a gas tight syringe. Slowly inject the
gaseous sample through a septum seal at the top of
the purging device at 2000 uL/min. Do not inject
the standard through the aqueous sample inlet
needle. Inject the gaseous standard before five min
of the ll-min purge time have elapsed.

8.2.4.3 Determine the aqueous equivalent concentration of
vinyl chloride standard, in ug/L, injected with the

equation:
S-= 0.102 (C)(V) Equation 2

where S = Aqueous equivalent concentration
of vinyl chloride standard in ug/L;
C = Concentration of gaseous standard in ppm;
V = Volume of standard injected in milli-
1i{ters.



9.

QUALITY CONTROL

9.1 Each labdratory that uses this method is required to operate a -

9.2

formal quality control program. The minims requirements of this
program consist of an initial demonstration of laboratory cap-
ability and an on?oing analysis of spiked samples to evaluate and
document data quality. The laboratory must maintain records to
document the quality of data that is generated. Ongoing data
quality checks are compared with established performance criteria
to determine if the results of analyses meet the performance .
characteristics of the method. A quality control check standard
must be mﬂ{znd to conf{rm that the measurements were pcrfomd in
an in-control mode of operation.

9.1.1 The analyst must make an inftial, one-time, dmnstntion of
the ability to generate acceptable accuracy and precision
with this method. This ability is established as described
in Section 9.2.

9.1.2 In recognition of advances that are occurring in chromato-
graphy, the analyst is permitted certain options (detatled
in Section 10.2.2) to improve the separations or lower the
cost of measurements. Each time such a modification is made
to the method, the analyst is required to repeat the
procedure in Section 9.2.

9.1.3 Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system
are under control.

9.1.4 The laboratory must, on an ongoing basis, demonstrate
through the analyses of quality control check standards that
the operation of the measurement system is in control. This
procedure 1s described in Section 9.3. The frequency of the
check standard analyses is equivalent to 10% of all samples
analyzed but at least two samples per month.

9.1.5 On a weekly basis, the laboratory must demonstrate the
ability to analyze low level samples. A procedure for low
level check samples is described in Section 9.4,

9.1.6 The laboratory -.:st maintain performance records to document
the quality of data that {s generated. This 9rocedure is
described in Section 9.5.

To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.



9.3

9.2.1

9.2.2

9.2.3

9.2.4

9.2.5

A quality control (QC) check sample concentrate is required
containing each regulated analyte, and any additional
analyte which is to be reported, at a concentration of 500
times the MCL or 5 ug/mL, whichever is smaller, in

methanol. The QC check sample must be prepared by the
1aboratory using stock standards prepared independently from
those used for calibration.

Analyze seven 25-mL QC check samples at 1/5 MCL or 2 ug/L
according to the method beginning in Sect. 10. Each sample
is produced by injecting 10 ul of QC check sample
concentrate into 25 mL of reagent water in a glass syring
through the syringe valve. -

Calculate the average recovery (X) in ug/L, and the standard
deviation of the recovery (s) in ug/L for each analyte using
the seven results. Calculate the MOL for each analyte as
specified in Ref. 2. The calculated MDL must be less than
the spike level.

For each analyte, (X) must be between 90% and 110% of the
true value. Additionally, s must be ¢ 35% of X. If s and X
for all analytes meet the criteria, the system performance
is acceptable and analysis of actual samples can begin. If
any s exceeds the precision limit or any X falls outside the
range for accuracy, the system performance is unacceptable
for that analyte. ' .

NOTE: The large number of analytes present a substantial
probabf1ity that one or more will fail at least one of the
acceptance criteria when all analytes are analyzed.

When one or more of the analytes tested fail at least one of
the acceptance criteria, the analyst must proceed according
to Section 9.2.2 only for the analytes which failed the test.

The laboratory must demonstrate on a regular basis as outiined in
Section 9.1.4 that the measurement system is in control by
analyzing a quality control check sample for all analytes of
interest at the MCL or 10 ug/L, whichever is smaller.

9.3.1

9.3'2

Prepare a QC check standard by adding 50 ul of QC check
sample concentrate to 25 mL of regent water in a glass

syringe. :

Analyze the QC check according to Section 10, and calculate
the recovery for each analyte. The recovery must be between
60% and 140% of the expected value.



9.4

9.5

9.3.3 If the recovery for any analyte falls outside the designated
range, the analyte has failed the acceptance criteria. A
check standard containing each analyte that failed must be-
re-analyzed.

On a weekly basis, the laboratory must demonstrate the ability to
analyze low level samples.

9.4.1 Prepare 2 Yow level check sample by spiking 10 ul of QC
check sample concentrate to 25 mi of reagent water and
analyze according to the method in Sect. 10.

9.4.2 For each analyte, the recovery must be between 60% and 140%
of the expected value.

9.4.3 When one or more analytes fail the test, the analyst must
repeat the test only for those analytes which failed to meet
the criteria. Repeated failure, however, will confirm a
general problem with the measurement system. If this
occurs, locate and correct the source of the problem and
;e:c;t the test for all compounds of interest beginning with

It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific
practices that are most productive depend upon the needs of the
laboratory and the nature of the samples. Field duplicates may be
analyzed to assess the precision of the environmental measurements.
Whenever possible, the laboratory should analyze standard reference
materials and participate in relevant performance evaluation

studies.

10. PROCEDURE

10.1 DAILY GC/MS PERFORMANCE TESTS

10.1.1 At the beginning of each day that analyses are to be
performed, the 6C/MS system must be checked to see if
acceptable performance critaria are achieved for BFB (7).
The performance test must be passed before any samples,
blanks, or standards are analyzed.

10.1.2 At the beginning of each day, inject 2 ul (50 ng) of BFB
solution directly on the column. Alternatively, add 2 ul of
BFB solution to 25.0 ml of reagent water or calibration
standard and analyze the solution according to Sect. 10.
Obtain a background-corrected mass spectrum of BFB and
confirm that all the key m/2 criteria in Table 3 are
achieved. If all the criteria are not achieved, the analyst
must retune the mass spectrometer and repeat the test until
all criteria are achieved.



10.2 INITIAL CONDITIONS

10.2.1 Acquire GC/MS data for performance tests, standards and -
samples using the following instrumental analytes:

Electron Energy: 70 V (nominal)

Mass Range: 35 to 300 anu _

Scan Time: To give at least 5 scans per peak but
not to exceed 2 s per scan.

10.2.2 The operating conditions for the gas chromatograph are
sumsar{zed under Sections 5.3.2 through 5.3.4.. Tables 1
and 2 1ist the retention timas and MDL that can be achieved
under these conditions. Examples of separations achieved
with this method are shown in Figures 5-7. Other columns or
chromatographic conditions may be used {f the requirements
of Section 9 are met. .

10.3 SAMPLE INTRODUCTION AND PURGING

10.3.1 Adjust the purge gas (nit or helium) flow rate to 40
al/min. Attach the trap inlet to the purging device and
open the syringe valve on the purging devicea.

10.3.2 Remove the plungers from two 25-ml syringes and attach a
closed syringe valve to each. Warm the sample to room
temperature, open the sample (or standard) bottle, and
carefully pour the sample into one of the syringe barrels to
Just short of overflowing. Replace the syringe plunger,
invert the syringe, and compress the sample. Open the
syringe valve and vent any residual air while adjusting the
sample volume to 25.0 ml.. Add 10 ul of the internal
standard sptiking solution (Section 6.5) to the sample
through the syringe valve. Close the valve. Fi1l the
second syringe in an identical manner from the same sample
bottle. Reserve this second syringe for a reanalysis if
necessary. -

10.3.3 Attach the sample syringe valve to the syringe valve on the
purging device. Be sure that the trap is cooler than 25°C,
then open the sample syringe valve and inject the sample
into the purging chamber. Close both valves and initiate
purging. Purge the sample for 11.0 = 0.1 min at ambient

temperature (Fig. 3).

10.4 SAMPLE DESORPTION - The mode of sample desorption is determined by
the type of capillary column employed for the analysis. When using
a wide=bore capillary column, follow the desorption conditions of
Sect. 10.3.1. The conditions for using narrow bore columms is
described in Sect. 10.3.2.



10.4.2 Sample Desorption for Narrow-B8are Capillary Column

Under normal operating conditions, most narrow-bore
capillary columns can be interfaced directly to the MS
without a jet separator.

10.4.2.1 Sample Desorption - After the 11 min purge, attach
the trap to the cryogenically cooled interface at
~150°C and adjust the purge and trap system to the
desorb mode (Fig. 4). Introduce the trapped
materials to the interface by rapidly heating the
trap to 180°C while backflushing the trap with an




inert gas at 4 ml/min for 5.0 = 0.1 min. Whilg the
extracted sample is being introduced into the
interface, empty the purging device using the -
saple syringe and rinse the chamber with two 25-mL
flushes of reagent water. After the purging device
has been emptied, leave the syringe valve open to
allow the purge gas to vent through the sample
introduction needle. After desorbing for S min,
flash heat the interface to 250 C and quickly
introduce the sample on the chromatographic

column. Start the temperature program sequence,
and initiate data acquisition.

10.4.2.2 6as Chromatography - Hold the column temperature at

10°C for § min, then program at 6°C/min to 70°C and
then at 15 /min to 145°C.

10.3.2.3 Trap Reconditioning - After desorbing the sample
for § min, recondition the trap by returning the
purge and trap system to the purge mode. Wait 15
s, then close the syringe valve on the purging
device to begin gas flow through the trap.
Maintain the trap temperature at 130°C. After
approximately 15 min, turn off the trap heater and
open the syringe valve to stop the gas flow through

the trap. Wwhen the trap is cool, the next sample
can be analyzed.

10.5 TERMINATION OF DATA ACQUISITION - When sample components have
eluted from the GC, terminate MS data acquisition and store data
files on the data systesm ston?c device. Use appropriate data
output software to display full range mass spectra and appropriate
EICPs. If any ion abundance exceeds the system working range,

dilute the sample aliquot in the second syringe with reagent water
and analyze the diluted aliquot.

11. QUALITATIVE IDENTIFICATION

11.1 IDENTIFICATION PROCEDURES CRITERIA — Tentatively identify a sample
component by comparison of its mass spectrum (after background
subtraction) to a reference spectrum in a collection. Usa the
following criteria to confirm a tentative identification:

11.1.1 The 6C retention time of the sample component must be within
10 s of the time observed for that sams compound when a
calibration solution was analyzed.

11.1.2 A1l fons that are present above 10% relative abundance in
the mass spectrum of the standard must be present in the
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mass spectrum of the sample component and should agree .

. within absolute 10%. For example, if an ion has a relative
abundance of 30% in the standard spectrum, {ts abundance in
the sample spectrum should be in the range of 20 to 40%.

11.1.3 Identification {s hampered when sample components are not
resolved chromatographically and produce mass spectra
containing fons contributed by more than one analyts.
Because purgeable organic compounds are relatively small
molecules and produce comparatively simple mass spectra,
this 1s not a significant problem for most method analytes.
When 6C peaks obviously represent more than one sample com-
ponent (1.e., broadened peak with shoulder(s) or valley
between two or more maxima), appropriate analyte spectra and
background spectra can be selected by examining EICPs of
characteristic ions for tentatively identified components.
When analytes coelute (1.e., only one GC peak is apparent),
the {dentification criteria described in Section 1l1.1.2 can
be met but each analyts spectrum will contain extraneous
fons contributed by the coeluting compound.

11.1.4 Structural isomers that produce very similar mass spectra
can be explicitly identified only {f they have sufficiently
different 6C retention times. Acceptable resolution is
achieved if the height of the valley between two fsomer
peaks i{s 1éss than 25% of the sum of the two peak heights.
Otl;orwlso, structural {somers are identified as isomeric
pairs.

12. CALCULATIONS

12.1 when an analyte has been identified, the quantitation of that
analyte should be based on the intagrated abundance from the EICP
of the primary characteristic m/z given in Table 6. If the sample
produces an intarference for the primary m/z, use a secondary
characteristic m/z to quantitata. Instrument calibration for
secondary ifons 1s performed, as necessary, using the data and
procadures described in Sect. 8.2.

12.2 Calculate the concentration in the sample using the calibration
curve or average response factor (RF) determined in Sect. 8.2.2 and
Equation 3: :

Concentration (ug/L) = (As)(cis) Equatioti 3.
1s



where:

Ag = Area of the characteristic m/z for the analyte N
to be measured;

Ajga Area of the characteristic m/z for the internal
standard; :

Cis= Concentration of the internal standard, in ug/L.

12.3 Report results in ug/L. A1l QC data obtained should be reported
with the sample results. . ’

ﬁ. ACCURACY AND PRECISION

13.1 This method has been tested in a single laboratory using spiked
reagent water. Using a wide-bore capiilary column, water was
spiked at concentrations between 0.5 and 10 ug/L (8). Single
laboratory accuracy and precision data are presented for the method
analytes in Table 4. Calculated MDLs are presented in Table 1.

13.2 The method was tested using reagent water spike at 0.1 to 0.5 ug/L
and analyzed on a cryofocused narrow-bore column. The accuracy and
precision data for these compounds are presented in Table 5§ (9).

MDL values were also calculated from these data and are presented
in Table 2. )
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Table /. CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION

LIMITS (MOL) FOR VOLATILE ORGANIC COMPOUNDS ON
NARROW BORE CAPILLARY COLUMM

vTE RET?.OiTm)l TIME (mL
ANAL ns “(ug/l
Column 3 ball)
m
Dichlorodifluoromethane 0.88 0.11
Chloromethane 0.97 0.08
Vinyl chloride 1.04 0.04
Sromomethane 1.29 0.08
Chloroethane 1.48 0.02
Trichlorofluoromethane 1.77 0.07
1,1-01chloroethene 2.33 0.08
Methylene Chloride 2.68 0.09
trans-1,2-0ichlocroethene .54 0.03
1,1-01chloroethane 4.03 0.03
cis-1,2-01chloroethene 5.07 0.08
2,2-0ichloropropane 5.31 0.08
Chlorofore 5.58 0.04
Sromochloromethane 5.63 0.09
1,1,1-Trichloroethane 6.7¢ 0.04
1,2=-0ichioroethane 7.00 0.02
1,1-01chloropropene 7.16 0.12
Carbon Tetrachloride 7.41 0.02
Benzene 7.41 0.03
1,2-01chloropropane 8.94 0.02
Trichloroethene 9.02 0.02
Dibromomethane 9.09 0.10
Bromodichloromethane 9.34 0.03
Toluene 11.51 0.08
1,1,2-Trichloroethane 11.99 0.08
1,3=0ichloropropane 12.48 0.08
01bromochloromethane 12.80 0.07
Tetrachloroethens 13.20 0.08
1,2-0ibromoethane 13.60 0.10
Chlorobenzens 14.33 0.03
1,1,1,2-Tetrachlioroethane 14.73 0.07
Ethylbenzene 14.73 0.03
p=-Xylene 15.20 0.08
a=-Xylene - 15.30 0.03
Bromofors . 15.70 0.20
o=-Xylens 15.78 0.06
St 15.78 0.27
1,1,2,2-Tetrachloroethane 15.78 0.20
1,2,3=Trichloropropane 16.26 0.09
[sopropylbenzene 16.42 0.10
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Tadble,/ . (Continued)

RETENTION TIME MOL

ANALYTE (mins) (xg/L)
e S ——
Sromobenzens 16.42 0.11
2-Chlorotoluene 18.74 0.08
n=Propyidenzene 16.82 0.10
4&=Chlorotoluene 16.82 0.06
1,3,5=-Trimethylbenzene 16.99 0.08
tert-8utylbenzene ' 17.31 0.33
1,2,4=-Trimsthylbenzene 17.31 0.09
sec-Butylbenzene 17.47 0.12
1,3=01chlorobenzene 17.47 0.08
p=Isopropyltoluene 17.63 0.26
1,4=01chlorcbenzene 17.63 0.04
1,2-01chlorobenzens 17.79 0.08
n=-8utylbenzene 17.98 0.10
1, Z-Mbrao-LOIlmpmpm 18.03 0.50
l,z,d-‘rr‘lchlorobonzm 18.84 0.20
Naphthalene 19.07 0.10
Hexachlorobutadiene 19.2¢4 0.10
1,2,3=Trichlorcbenzene 19.2¢ 0.14
INTERNAL STANDARD

Fluorcbenzene 8.81 8.48%

Column - 30 meter x 0.32mm 1D 08-5 capillary with ua f1lm thickness



Table 2. BFB KEY m/z ABUNDANCE CRITERIA

Mass m/2 Abundance Criteria -
50 15 to 40% of mass 95
78 30 to 60% of mass 95
98 Base Pesk, 100% Relative Abundanc
96 S to 9% of mass 95 '

173 < 2% of mass 174

174 > 50% of mass 95 _

178 S to 9% of mass 174

176 > 98% dut ¢ 101% of mass 174

177 S to 9% of wmass 176



Table3 . CHARACTERISTIC MASSES (m/z) FOR PURGEASLE ORGANICS COMPOUNDS

Primary Secondary-
Characteristic Characteristic _

Mﬂgg lon lons
Benzene . 78 "=
Bromobenzene 156 77,158
8romochloromethane 128 49,130
8romodichloromethane 3 8s,127
Sromoform 173 175,254
Sromomethane 9 96
n~8utylbenzene 91 92,134
sec-Butylbenzene 108 134
tert-Butylbenzene 119 91,134
Carbon tetrachloride 117 119
Chlorobenzene 112 77,114
Chloroethane 64 66
Chloroform 8 8
Chloromethans S0 $2
2-Chlorotoluene 9 126
4&=Chlorotoluens 91 126
1,2-01bromo-3-Chicropropane 78 158,157
Dibromochloromethane 129
1,2=01bromoethane 107 109,188
O{bromomethane 93 95,174
1,2-01chlorobenzene - 146 111,148
1,3-0ichlorcbenzene 146 111,148
1,4=D1chlorcbenzene 146 11,148
Mcalcmdiﬂmmthm ] 87
1,1=01chioroethane [ x ] 65,83
1.2-Dichloroethane e 9.
1,1=-0ichloroethens 9 61,63
cis-l 2-Dichloroethene 9 61.90
truu-l.z-MdnomM 9% 61,98
1,2-01chloropropane a3 112
1,3=01chl 76 78
2,2-0ichloropropane 7 97
1,1=01chloropropens 75 110,77
Ethylbenzene 91 108
Hexachlorobutadiens 23 223,227
1sopropylbenzene 108 120
p=1sopropyltolusns 119 134,91
Methylene chioride 8 86,49
Naphthalene 128 -
n=Propylbenzene n 120
3 104 78
1,1,1,2-Tetrachioroethans 1 133,119



Table3. (Continued) .
Primary Secondary -

Mﬂm Ion Ions
1,1,2,2-Tetrachioroethans & - 131,88
Tetrachlorosthens 166 - 168,129
Toluene 92 91
1,2,3=Trichlorobenzene 180 182,148
1,2,4=Trichlorobenzens 150 182,148
Trichloroethene 95 130,132
Trichlorofluoromethane 101 103
1,2,3=Trichloropropane 75 - 77
1,2,4=Trimathylbenzene 108 120
1,3,5=-Trimathylbenzene 108 120
Y*l._x’ny} Chloride lg g

one

lene 108 9
p=Xylene 106 ) |
INTERNAL STANDARDS/SURROGATES
Fluorcbenzens 9% 4.
1,2-01chlorobenzene-dg 150 _ 115,152
p=8romofluorcbenzene 9% 174,176
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Appendix B
Attachment B-5
SPECIAL ANALYTICAL SERVICES (SAS)
FOR GEOTECHNICAL PARAMETERS

PARTICLE SIZE ANALYSIS
ATTERBERG LIMITS
LABORATORY COMPACTION (MOISTURE-DENSITY RELATIONS)
LABORATORY HYDRAULIC CONDUCTIVITY
WATER CONTENT
SPECIFIC GRAVITY

GLT720/550-1



U.S. Environmental Protection Agency
HWI Sample Management Office — SAS Number
P.O. Box 818, Alexandria, Virginie 22313
PHONE: (703) $57-2090 or FTS-357-24%0

SPECIAL ANALYTICAL SERVICES
Regional Request

Regional Transmittal Telephone Regquest

A. EPA Region and Site Name:_Region V Northside Landfill-ECC Site, Indiana
8. Regional Representative:__ Dennis Wesolowski

C. Telephone Number: (312) _ _886-1971

D. Date of Request:

Please provide below a description of your request for Specia! Analytical Services under
the Uncontrolied Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for your request, plesse sddress the following considerations, if
applicable. Incomplete or erronecus informstion may result in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. Ceneral description of analytical service requested:

Soil samples analyzed for grain size, Atterberg Limits (including water content),

hydraulic conductivity, laboratory compaction, specific gravity, and water content.

2. Definition and number of work units invoived (specify whether whole samples or
fractions; whether orgenics or inorganics; whether aqueous or soll and sediments;
and whether low, medium, or high concentration): analyze 60 soil samples for particle-
size distribution, 44 scil samples for Atterberg Limits and water content, 11 soil sam-
ples for hydraulic conductivity, 17 samples for laboratory compaction (moisture-density
relations), 6 samples for specific gravity, and 22 samples for water content.

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, eotc.): ;

Enforcement, Predesign Investigation

8. Estimated date(s) of collection:

S. Estimated date(s) and method of shipment: Shipped as a group after all are collected.




GRAIN SIZE ANALYSIS
-2-

6. Approximate number of days results required after lab receipt of samples:

Laboratory should report results within 30 days of receipt of sampleé.

7. Analytical protocol required (attach copy If other than a protocol currently used in
this program):

Particle Size Analysis of Soils, ASTM Method D=-422 and D-421.

8. Special technical Instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.): req pecify poun

Use only the method specified above. Obtain approval of CPMS, CRL prior to use

of any other method. Rewrite SAS request to reflect new methodology.

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Submit all raw data including container tare weights with test results. See

laboratory procedure.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: David Lane

Phone:  414/272-2426

Please return this request to the Sample Managament Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managsment Office,



GRAIN SIZE

-3-
I. DATA REQUIREMENTS
Parameter ‘ Detection Limit Precision Desired
- tWor Conc.]
See Laboratory Procedure Not Applicable
Il. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits Limits® (2% or Cone.)
Lab Duplicate 1l per 15 5% passing any

given sieve size

1. *Action Required If Limits sre Exceeded:

Reanalyze, Contact David Lane at CH2M HILL if limits are exceeded.




ATTERBERG LIMITS AND WATER CONTENT
-2-

§. Approximate number of days results required sfter lab receipt of samples:

Laboratory should report results within 30 days of receipt of samples.

7. Analytical protocol required (ntxh copy If ether than a protoco! currently used in
this program):

Liquid Limit Plastic Limit, and Plasticity Index, Plastic Limit, and Natural

Water Content of Soils ASTM D-4318 and D-2216.

8. Special technical instructions (if outside protocol uirements, specify com d
napt:‘o's. CAS numbers, detection limits, etc.): req pecify poun

Multipoint Liquid Limit using Procedure A-Wet Preparation. Use only the method

specified above. Obtain approval of CPMS, CRL, prior to use of any other method.

Rewrite SAS request to reflect new methodology.

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Report all raw data with test results. See laboratory procedure for reporting

requirements.

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampling/shipping contact: David Lane

Phone: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managsment Office,



ATTERBERG LIMITS AND WATER CONTENT

-3‘
I. DATA REQUIREMENTS
Ponu-ntor ' Detection Limit Precision Desired

(¥ or Conc.)

See Laboratory Procedures

1. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limits® (2% or Conc.)
Lab Duplicate 1 per 10 + 3% water content

ii. *Action Required If Limits are Exceeded:

Reanalyze, contact David Lane at CH2M HILL if limits are exceeded.




PERMEABILITY TESTS WITH BACK PRESSURE

-2-

¢. Approximate number of days results required after lab receipt of samples:

Laboratory should report results within 30 days of receipt of samples.

7.

Analytical protocol required (attach copy If other than a protocol currently used In
this program): ~ '

Permeability Tests with Back Pressure, "Laboratory Scoils Testing,"
Engineer Manual EM 1110-2-1906, Department of the Army, Office of the Chief of

Engineer, Washington, D.C. 20314. Permeability tests will be conducted on remolded
Soil Samples based on the laboratory compaction results. Three separate soil batches

will be obtained and tested. All specimens will be uniformly compacted in 5 or 6
lavers using a small diameter {apprax. 0.3 to 0.5 inches) spring loaded or pneumatic

tamping rod. All samples will be compacted to 95 pertent (+ 1%) of maximum dry
density (ASTM D-1557) One _sample fram each hatch will be compacted at optimum

water content, 2 percent dry of optimum and 2 percent wet of optimum. A single

sample from ane hatch will he compacted at a molding water content that is 4 percent
wet of optimum. .

Special technical Instructions (If outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.): pecify po

Use only the method specified above. Obtain approval of CPMS, CRL, prior to use

of any other method. Rewrite SAS request to reflect new methodology.

Analytical resuits required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). (f not completed, format of results will be
laft to program discretion.

Supply all raw data and calculations along with all test results.

10.

Other {use additional sheets or attach supplementary information, as needed):

11.

Name of sampling/shipping contact: David Lane

Phone: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite'

processing of your request for special analytical services.

Should you have any questions

or need any assistance, please call the Sample Managsment Office,



PERMEABILITY TESTS WITH BACK PRESSURE

-3-
I. DATA REQUIREMENTS
Parameter | Detection Limit
Permeability 1l x 10—8 cm/sec

Precision Desired

2 or N
Duplicates wi %1

1 order-of-magnitude

1. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits
Duplicate 1l per 10

Limits® (28 or éonc.)

1 order-of-magnitude

iti. *Action Required If Limits are Exceeded:

Reanalyze, Contact David Lane at CH2M HILL if limits are exceeded.




LABORATORY COMPACTION

-z-

6. Approximate number of days resuits required after lab receipt of samples:
Laboratory should report results within 30 days of receipt of samplés.

7. Analytical protoco! required (attach copy If ether than a protocol currently used in
this program): '

Laboratory Compaction of Soil, ASTM Method D-1557, Method A or C.

8. Special technical instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Use only method specified above. Obtain approval of CPMS, CRL prior to use of any
other method. Rewrite.SAS reqﬁest to reflect new methodology.

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). (f not completed, format of results will be
left to program discretion.

Submit all raw data and calculations including container tare weights with test results.
Report results as specified in the laboratory procedure.
10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: David Lane

Phone: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managsment Office.



LABORATORY COMPACTION

-3-
. DATA REQUIREMENTS
Parsmeter Detection Limit Precision Desired
See Laboratory Procedure tNor c.]
Il. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits Limits* (2% or Conc.)
Lab Duplicate 1 per 10 See laboratory procedure

moisture-density

relationships

11l. *Action Required If Limits are Exceeded:

Reanalyzed, contact David Lane at CH2M HILL if limits are exceeded.




SPECIFIC GRAVITY
-2~

6. Approximate number of days results required after lab receipt of samples:

Laboratory should report results within 30 days of receipt of samplés.

7. Analytical protoco! required (atuch copy If ether than a protocol currently usec in
this program):

ASTM Method D-854

8. Special technical Instructions (If outside protocol requiremsnts, specify compound
napt:ls, CAS numbers, detection limits, etc.): pecify pou

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Submit all raw data with test results. See laboratory procedure.

10. Other (use additional sheets or attach supplementary inforrmation, as needed):

11. Name of sampling/shipping contact: David Lane

Pm‘: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managsment Office,



SPECIFIC GRAVITY

-3-
I. DATA REQUIREMENTS
Parameter ‘ Detection Limit Precision Desired
—_— — tVor Conc.)
See Laboratory Procedure
il. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits Limits® (2% or Conc.)
Lab Duplicate 1l per 5 See laboratory procedure

i, *Action Required iIf Limits are Exceeded:

Contact David Lane/CH2M HILL




MOISTURE CONTENT
-2-

§. Approximate number of days results required after lab receipt of samples :

Laboratory should report results within 30 days of receipt of sample.

7. Analytical protoco! required (attach copy If other than a protocol currently used In
this program):

ASTM Method D 2216-80: Standard Method for Laboratory Determination of Water

(moisture) content of soil, rock, and soil-aggregate mixtures.

8. Special technical instructions (if outside protocol requirements, specify com d
MPI:C'I, CAS numbers, detection limits, etc.): pecify poun

Use only the method specified above. Obtain approval of CPMS, CRL prior to use of

any other method. Rewrite SAS request to reflect new methodology.

9. Analytical results required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of resuits will be
left to program discretion.

Report all raw data and parameter values used in making calculations of moisture

content.

10. Other (use additional sheets or attach supplementary inforration, as needed):

11. Name of sampling/shipping contact: David Lane

Phone: 414/272-2426

Please return this request to the Sample Management Office as soon as possible to expedite

processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Managsment Office.



MOISTURE CONTENT

_3_
[. DATA REQUIREMENTS
Parameter Detection Limit Precision Desired
t2% or Conc.)
Moisture Content 12 - puplicates within 10%
I1. QUALITY CONTROL REQUIREMENTS
Audits Reguired Freguency of Audits Limits* (% or Conc.)
. 2 for sets £ 10 ,
Duplicate 1 per 10 for sets > 10 10%

1.

*Action Required if Limits are Exceeded:

Reanalyze. Contact Chuck Elly at Reginn 5. CRL. Phope Numhar (312) 353-9057.




qsn’ Designation: D 422 - 63 (Reapproved 1972)'

Standard Method for

PARTICLE-SIZE ANALYSIS OF SOILS'

Thu standard 18 itsued under the fized designation D 422: the number mmdmdvfdlomqﬂ‘umuﬂaals the year of

onpnal sdopuon or. ia the case of revison. the year of last reviuoa. A bey in pas

3

the year of lan respproval

A SUpETIETIDR lon (¢) 1nd an al ch _-ncthchlmuonumm

*' NoTE=—Secuon 2 was added cditonally and syt

in July 1984,

1. Scope

1.1 This method cavers the quantitative de-
termination of the distribution of panticie sizes
in soils. The distribution of particle sizes larger
than 75 um (retained on the No. 200 sieve) is
determined by sieving, while the distribution of
particle sizes smaller thap 75 um is determined
by a sedimentation process, using a hvdrometer
10 secure the necessary data (Notes 1 and 2).

NOTE 1 —Separation may be made on the No. 4
(4.75-mm). No. 40 (425-um), or No. 200 (75-um) sieve
instead of the No. 10. For whatever sieve used. the size
shall be indicated in the report.

Note 2—Two types of dispersion devices are pro-
vided: (/) a high-speed mechanical surrer, and (2) air
dispersion. Extensive invesugations indicate that air-
dispersion devices produce a8 more posiuve dispersion
of plastic soils below the 20-um size and appreciably
Jess degradation on all sizes when used with sandy soils.
Because of the definite advantages favonng air disper-
sion. 1s use is recommended. The results from the two
types of devices differ in magnitude, depending upon
soil type. leading 10 marked differences in panicie size
distribuuon. especially for sizes finer than 20 um.

2. Applicable Documents

2.1 ASTM Standards: .

D421 Method for Dry Preparation of Soil
Samples for Particle-Size Analysis and De-
termination of Soil Constants®

E 11 Specification for Wire-Cloth Sieves for
Testing

E 100 Specificauon for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive 10 0.01 g
for weighing the material passing a No. 10 (2.00-
mm) sieve, and a balance sensitive 10 0.1 % of
the mass of the sampie 10 be weighed for weighing

the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A
or B may be used.

3.2.1 Apparatus A shall consist of a mechan-
ically operated stirring device in which a suitably
mounted electric motor turns 3 vertical shaft at
a speed of not less than 10 000 rpm without load.
The shaft shall be equipped with a replaceable
surmng paddie made of metal, plasuc, or hard
rubber, as shown in Fig. 1. The shaft shall be of
such length that the stirring paddie will operate
not less than % in. (19.0 mm) nor more than %
in. (38.] mm) above the bottom of the dispersion
cup. A special dispersion cup conforming 10
cither of the designs shown in Fig. 2 shall be
provided 10 hold the sampie while it is being
dispersed.

3.2.2 Apparatus B shall consist of an air-jet
dispersion cup® (Note 3) conforming to the gen-
cral details shown in Fig. 3 (Notes 4 and 5).

Norg 3=The amount of air required by an air-jet
dispersion cup is of the order of 2 fi}/min; some small
air compressors are not capable of supplying sufficient
a1r 10 operale a Cup.

NoTte &—Another air-type dispersion device,

known as a dispersion tube, developed by Chu and
Davidson at lows Suate College, has been shown to pive

 This mewhod is under the jurisdiction of ASTM Commine
D-18 on Soil and Rock and 1 the direct responsiehty of
Subcommnee D18.03 on Texture, Plasuty. and Density Char.
actensucs of Souls.

Curremt ebition spproved Nov. 11. 1963. Originally pub-
lished 1935. Repiaces D 422 - 62.

1 Annual Book of ASTM Sianderds. Vel 04.08.

* Annual Book of ASTM Siandards, Vel 14.02.

! Annual Book af ASTM Siendards. Voi 14.01.

! Detalied worlung drawngs for thes cup are availabie m »
nominal con from the Amencaan Socinty for Tesung and Ma-
tenals. 1916 Race St Philadeiphia, PA 1910). Order Adjunct
No. [2-404220-00.
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results equivalent 1o those secured by the air-jet disper-
5100 cups. When 1t is used. soaking of the sampie can
be done 10 the sedimenwation cylinder, thus eliminaung
the need for vansfernag the slurry. When the ar-
dispersion tube 13 used, 1t shall be so tndicated in the
report.

plslon S—Water may condense ia air lines when not
in use. This water must be removed, cither by using a
water trap on the air line, or by blowing the water out
of the line before using any of the air for dispersion
purposes.

1.3 Hydrometer—~An ASTM bydrometer,
graduated 10 read in cither specific gravity of the
suspension or grams per litre of suspension, and
conforming to the requirements for hydrometers
151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale
being the only item of difference.

3.4 Sedimentation Cvilinder—A glass cylinder
essentially 18 in. (457 mm) in heaight and 2% in.
(63.5 mm) in diameter, and marked for a volume
of 1000 mL. The inside diameter shall be such
that the 1000-mL mark is 36 = 2 cm from the
botiom on the inside.

3.5 Thermometer—A thermomeler accurate
10 I°F (0.5°C).

3.6 Sieves—A series of sieves, of square-mesh
woven-wire cloth, conforming to the require-
ments of Specification E 11. A full set of sieves
includes the following (Note 6):

3.in. (75-mm) No. 10 (2.00-mm)
2-in. {(50-mm) No. 20 (850-um)
1%4-1a. (37.5-mm) No. 40 (425-um)
l-in. (25.0-mm) No. 60 (250-um)
Yein. (19.0-mm) No. 140 (106-um)
Y%ein. (9.5-mm) No. 200 (75-um)

No. 4 (4.735-mm)

NoTt 6-—A set of sieves giving uniform spacing of
points for the graph, as required ia Section 17, may be
used if desired. This set consins of the following sieves:

3.ia. (75-mm) Na. 16(1.18-mm)
1%-in. (37.5-mm) No. 30 (600-1m)
¥ein. (19.0-mm) No. 50 (300-um)
W-in. (9.5-mm) Na. 100 (150-um)
No. 4 (4.75-mm) No. 200 (75-um)
No. 8 (2.36-rom)

3.7 Waier Bath or Consianu-Temperature
Room—A waler bath or constant-temperature
room for maintaining the soil suspension at a
consuant lemperature during the hydrometer
analysis. A satisfactory water tank is an insulated
tank that maintains the temperature of the sus-
pension at a convenient constant temperature at
or ncar 68°F (20°C). Such a dewvice is illusirated
in Fig. 4. In cases where the work is performed
in a room at ap automatically controlled constant

temperature, the water bath is not necessary.
3.8 Beaker—A beaker of 250-mL capacity.
3.9 Timing Device—A waich ar clock with 2
second hand.

4. Dispersing Agent

4.1 A solution of sodium hexamewaphosphate
(sometimes called sodium metaphosphate) shall
be used in distilled or demineralized water, at the
rate of 40 g of sodium hexametaphospbate/litre
of solution (Note 7).

Note 7-—Solutidas of this sk, if scidic, slowly re-
vert or hydrolyze 10 the orthophosphate form with
3 resultant in dispersive acuon. Solutions
should be prepared froquently (at least once 3 month)
or adjusied 10 pH of § or 9 by means of sodium
arbonate. Botues containing solutions should have the
date of preparstios od on them.

42 All water used shall be either distilled or
demineralized water. The water for a hydrometer
mshanbem:wlhemummmuis
expected 1o il during the hydrometer test
For example, if the sedimentation cylinder is to
be placed in the water bath, the distilled or de-
mineralized water to be used shall be brought 10
the temperature of the controlled water bath: or.
if the sedimentatjon cylinder is used in 2 room
with controlled temperature. the water for the
test shall be at the temperature of the room. The
basic temperature for the hydrometer test is 68°F
(20°C). Small variations of temperature do not
introduce differefices that are of practcal signif-
icance and do not prevent the use of corrections
derived as prescribed.

5. Test Sample

5.1 Prepare the test sampie for mechanical
analvsis as outlined in Method D 421, Duning
the preparation procedure the sample is divided
into two portions. One portion costains only
panicles retained on the No. 10 (2.00-mm) sieve
while the other portion contains oaly particles
passing the No. 10 sieve. The mass of air-dried
soil selected for purpose of tests. as prescribed in
Method D 421, shall be sufficient to yield quan-
tities for mechanical analysis as follows:

5.1.1 The siz¢ of the portion retained on the
No. 10 sieve shall depend on the maximum size
of particle. according 10 the following schedule:

Nominal Diameter of
Largent Pasucies, Approumate Mimimum
n. (mm) Mass of Poruon, g
w(9.5) 300
%(19.0) 1000

118



G oa22

of Largest parucies. Approumar Mimimum
1. (mm) Mam of Poruos. §
1 (254 2000
tw (381 3000
(50.9) 4000
3 (16.2) 5000

5.1.2 The size of the porntion passing the No.

10 sieve shall be apptoumuely 115 g for sandy
soils and lppro:umauly 65 g for silt and clay

soils.

5.2 Provision is made in Section 5 of Method

p 421 for weighing of the air-dry soil selecred for
of 1ests. the separauon of the soil on the

No. 10 sieve by dry-sieving and washing. and the

weighing of the washed and dried fraction Te*

tained on the No. 10 geve. From these W0

masses \he percentages retained a0

No. 10 sieve can be alculated in accordance

with 12.1.

Nort $—A check on the mass values and the thos-
oughness of pulverkutson of the clods maY be
by weighing the poruon passing e No. 10 sieve
adding Whis value 10 the mass of the washed and ovep*
dried poruon rewained on the No. 10 seve

SIEVE ANALYSIS OF PORTION RETAINED
ON NO. 10 (2.00-mm) SIEVE

6.1 Sepanate the poruon retained on the No.
10(2.00-mm) sieveintod series of fracuons using
the 3-in. (75-mm). 2-in. (50-mm). 1\-in- (31.5-
mm), 1t (25.0'mm). Ye-inl (19.0-mm). Win.
(9.5-mm), No. 4 (4.75-mm), and No. 10 sieves.
of asmanysmaybeuadeddepcndin;onme
samplie, of upos the wedﬁaﬁons for the mate-

the sampie moving continuousty over the surface
of the ieve. in no case um or manipulate frag-
ments in the santple ihrough the sieve by hand.
Continue geving until not more than | mass %
of the residue on a sieve Dasses that sieve during
} min of sieving. When mechanical sieviog 18

balance conforming 10 the requirements of 3.1.
At the end of weighing. the sum of the masses
retained on all the sieves used should q

closely \he onginal mass of the quanuty sicved.

H\’DROME‘I‘ER AND SIEVE ANALYSIS of
PORTION ?ASSIN%‘E:_‘EE NO. 10 (2.00-mm)

1. Determinatiod of Composite Correction for
Hydrometer Reading

and the specific gravity of the resulting liquid 18
appreciably greater thao that of distilled or d¢-
mineralized watet.

7.1.1 Both soil hydrometers are alibrated at
68°F (20°C) and variations in temperarure from
this standard emperature produce inaccuracies
in the acwal hydrometer seadings- The amount
of the inaccurxcy jncreases a8 the vana
the sundard temperature increases-

7.1.2 Hydrometers are ;nduued by the man-
ufacturer 10 e read al the boniom of the menis-
cus formed BY the liquid on the stem. Since jtis

7.1.3 The net amount of the correcuions for
the three items enumerated s designated 2s the
composite correction. apd may b¢ determined
experimentally-

7.2 For convenience, 8 paph of 1able of com-
posite correcuons for 3 series of 1° temperawre
differences for the range of expected 165t tempet-
atures may be P

ent of the composite corrections maY

the interm iate em wres alculated assum*
ing 3 qnaight-line relauonship petween the ™o
observed values.

7.3 Prepare 1000 mlL of liquid composed of
disuilled or demineﬂliz.ed water and dispersiod

agent in the same proportion as will prevail 10

after a short interval
10 permit the hydrormetet 10 come 1o the temper-
ature of the tiquid. read the hydrometer at the

hvdrometer 151H the corposite ionisthe
gdifference this reading and one. for hy-
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drometer 152H it is the difference between the
reading and zero. Bring the liquid and the hy-
drometer 10 the other iemperature 10 be used,
and secure the composite correcuon as before.

8. Hygroscopic Moisture

8.1 When the sample is weighed for the hy-
drometer test, weigh out an auxiliary portion of
from 10 to0 1S g in a small metal or glass con-
winer, dry the sample 10 a constant mass in an
oven at 230 = 9°F (110 = 5°C), and weigh again.
Record the masses.

9. Dispersion of Soil Sample .

9.1 When the soil is mosuly of the clay and silt
sizes, weigh out a sample of air-dry soil of ap-
proximately 50 g. When the soil is mostly sand
the sampie should be approximately 100 g.

9.2 Place the sampie in the 250-mL beaker
and cover with 125 mL of sodium hexameus-
phosphate solution (40 g/1). Stir until the sail is
thoroughly wetted. Allow to soak for at least 16
h.

9.3 At the end of the soaking period, disperse
the sample further. using either stirring apparatus
A or B. If stirring apparatus A is used, transfer
the soil - water slurry from the beaker into the
special dispersion cup shown in Fig 2, washing
any residue from the beaker Mo the cup with
distilied or demineralized water (Note 9). Add
distilied or demineralized water, if necessary, so
that the cup is more than half full. Sur for a
period of | min.

NoTE 9—A large size syringe is a convenieat device
foc handling the waier in the washing operation. Other
devices include the wash-water borte and a hose with
nozzle connected 10 a pressurized distilled water ank.

9.4 If susrting apperatus B (Fig J) is used,
remove the cover cap and connect the cup 10 a
compressed air supply by means of a rubber hose.
A air gage must be on the line between the cup
and the control vaive. Open the control valve so
that the gage indicates | psi (7 kPa) pressure
(Note 10). Transfer the soil - water slurry from
the beaker 10 the air-jet dispersion cup by wash-
ing with distilled or demineralized water. Add
distilied or demineralized water, if necessary, so
that the total volume in the cup is 250 mL, but
no more.

Nort 10-—The initial air pressure of | psi is required
to prevent the soil - waler mixture frorm entenng the
air-jet chamber when the mixture is transferred to the
dispersion cup.

9.5 Place the cover cap on the cup and open
the air control valve until the gage pressure is 20
psi (140 kPa). Disperse the soil according to the
following scheduie:

Disperuon Penod,
Plasucity Indes ms
Under § s
éw20 10
Ower 20 . [}]

Soils containing large percentages of mica need
be dispersed for only | min. After the dispersion
period, reduce the gage pressure to 1 psi prepar-
atory 1o wransfer of 50il - water slurry 10 the sed-
imentation cvlinder,

10. Hydrometer Test

10.1 Immediately after dispersion, transfer the
soil - water slurry 19 the glass sedimentation cyl-
inder, and add distilled or demineralized water
until the total volume is 1000 mi.

10.2 Using the palm of the hand over the open
end of the cylinder (or a rubber stopper in the
open end), tum the cylinder upside down and
back for a period of | min w0 complete the
agitation of the slurry (Note 11). Atthe end of |
min set the cylinder in a convenient location and
take hydrometer ings a1 the following inter-
vals of time (measured from the beginning of
sedimentation), or as many as may be needed,
depending on the sample or the specification for
the material under test: 2, S, 15, 30, 60, 250, and
1440 min. If the controlled water bath is used,
the sedimentation cviinder should be placed in
the bath between the 2- and 5-min readings.

Nott 11—The sumber of rurns during this minute
should be 60, counting the tun upside
down and beck as twa turns. Any soil remainiag in the
bonom of the cylioder during the firk few turns should

be loosened by vigorous shakiog of the cylinder while
it is in the inverted positon.

10.3 Whea it is desired to take a hydrometer
reading, carefully insent the hydrometer about 20
10 25 s before the reading is due to approximately
the depth it will have when the reading is taken.
As 5000 as the reading is taken, carefully remove
the hvdrometer and place it with a spinning
moton in a graduate of clean distilied or demin-
cralized water.

Nore 12-=ltisim, nt 10 remove the hvdrometer
immediaiely after reading. Readings shail be taken
at the 10p of the meniscus formed by the suspension
around the stem, since it is not possibie 10 secure
readings at the boctom of the meniscus.
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10.4 Afier each reading. take the temperature
of the suspension by inserung the thermometer
into the suspension.

11. Sieve Analysis

11.1 Afier taking the final hydrometer read-
ing, transfer the suspension 10 a No. 200 (75-um)
sieve and wash with uap water uotl the wash
water is clear. Transfer the material oo the No.
200 sieve 10 a suitable container, dry in an oven
at 230 = 9°F (110 = 5°C) and make a sieve
analysis of the portion retained, using as many
sieves as desired, or required for the material, or
upon the specification of the material under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Values for the Portion
Coarser than the No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No.
10 sieve by dividing the mass passing the No. 10
sieve by the mass of soil originally split on the
No. 10 sieve. and multiplying the result by 100.
To obtain the mass passing the No. 10 sieve,
subtract the mass retained on the No. 10 sieve
from the onginal mass.

12.2 To secure the towal mass of soil passing
the No. 4 (4.75-mm) sieve, add 10 the mass of
the matenal passing the No. 10 sieve the mass of
the fraction passing the No. 4 sieve and retained
on the No. 10 sieve. To secure the total mass of
soil passing the %-in. (9.5-mm) sieve. add 10 the
total mass of soil passing the No. 4 sieve, the
mass of the fraction passing the %-in. sieve and
retained on the No. 4 sieve. For the remaining
sieves, continue the calculations in the same
manner.

12.3 To determine the total percentage pass-
ing for each sieve, divide the 1otal mass passing
(see 12.2) by the total mass of sampie and mul-
tiply the result by 100.

13. Hygroscopic Moisture Correctioa Factor

13.} The hvdroscopic moisture correction fac-
tor is the rauo between the mass of the oven-
dried sample and the sir-dry mass before drying.
It is a number less than one, except when there
is no hygroscopic moisture.

14. Percentages of Soil in Suspension

14.1 Calculate the oven-dry mass of soil used
in the hvdrometer analysis by muluplying the
air-dry mass by the hygroscopic moisture correc-

tion factor.

14.2 Calculate the mass of a towal sample rep-
resented by the mass of soil used in the hydrom-
eter test, by dividing the oven-dry mass used by
the percenuage passing the No. 10 (2.00-mm)
sieve, and multiplying the result by 100. This
value is the weight W in the equation for per-
centage remaining in suspension.

14.3 The percentage of s0il remaining in sus-
pension at the level at which the hydrometer is
measuring the density of the suspension may be
calculated as follows (Note 13): For hydrometer
151H:

P = ((100000/ W) x GAG - G)XR - G\)

Note 13—The brackeied poriion: of the equation
for hydrometer 151H is consunt for a series of readings
and may be calculated firn and then multiplied by the
portoa in the parentheses.

For hydrometer 152H:

P=(Ra/W)x 100

where:

a = correction faction to be applied to the read-
ing of hydrometer 152H. (Values shown on
the scaie are computed using a specific grav-
ity of 2.65. Correction factors are given in
Table 1),

P = percentage of soil remaining in suspension
at the level at which the hydrometer mea-
sures the density of the suspension,

R = hydrometer reading with composite correc-
tion applied (Section 7),

i = oven-dry mass of soil in a total test sample
represented by mass of soil dispersed (see
14.2). 8.

G = specific gravity of the soil particles. and

G\ = specific gravity of the liquid in which soil
particies are suspended. Use numerical
value of ooe in both instances in the equa-
ton. In the first instance any possible vani-
ation produces no significant effect, and in
the second instance, the composite correc-
ton for R is based on a value of one for G,.

15. Diameter of Soil Particles

15.1 The diameter of a particle corresponding
to the percentage indicated by a given hydrome-
ter reading shall be calculated according to
Stokes’ law (Note 14), on the basis that a particle
of this diameter was at the surface of the suspen-
sion at the beginning of sedimentation and had
settied 10 the level at which the hydrometer is
measuring the density of the suspension. Accord-
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ing 1o Stokes' law:
D = J(I0n/98U(G ~ G))} x L/T

where:

D = diamelter of particle, mm,

a = coefficient of viscosity of the suspending
medium (in this case water)in poises (vanes
with changes in temperature of the sus-
pending medium),

L = distance from the surface of the suspensioa
to the level a1 which the density of the
suspension is being measured, cm. (For 3
given hydrometer and sedimentation cyl-
inder, values vary according 10 the hydrom-
eter readings. This distance is known as
effective depth (Table 2)),

T = interval of time from beginning of sedimen-
tation 1o the taking of the reading, min,

G = specific gravity of soil parucles, and

G\ = specific gravity (relative density) of sus-
pending medium (value may be used as
1.000 for all practical purposes).

Nore 14—Since Stokes' law considers the terrainal
velocity of a single sphere falling in an infinity of Liquid,
the sizes calculated represent the diameter of spheres
that would fall at the same rate as the soil parucies.

15.2 For convenience in caiculations the
above equation may be written as follows:

D= KVLJT

where:

K = constant depending on the temperature of
the suspension and the specific gravity of
the soil parucies. Values of X for a range of
temperatures and specific graviies are given
in Table 3. The value of X does not change
for a series of readings constituting a tes,
while values of L and T do vary.

15.3 Values of D may be computed with suf-
ficient accuracy, using an ordipary 10-in. slide
rule.

Nott {5—=The value of L is divided by T using the
A- and B-scales, the square root being indicated on the
D-scale. Without asceruining the value of the square
roon it may be multiplied by X, using either the C- or
Cl.scale.

16. Sieve Apalysis Values for Portion Finer than
No. 10 (2.00-mm) Sieve

16.1 Caleulation of percentages passing the
vanious sieves used in sieving the portion of the
sampie from the hvdrometer test involves several
steps. The first step is to calculate the mass of the

D 422

fraction that would have been reuined on the
No. 10 sieve had if not been removed. This mass
is equal 1o the total percentage retained on the
No. 10 sieve (100 minus towal percentage passing)
times the mass of the total sample represented
by the mass of sotl used (as calculaied in 14.2),
and the result di by 100.

16.2 Calculate pext the total mass passing the
No. 200 sieve. Add together the fractional masses
retained on all sieves, including the No. 10
sieve, and su this sum from the mass of the
total sample (as ted in 14.2).

16.3 Calculawe next the total masses passing
each of the other sieves, in a manner similar 1o
that given in nz.i,

16.4 Calculate last the total percentages pass.
ing by dividing the 1otal mass passing (as calcu-
lated in 16.3) by the 10w} mass of sample (as
calculated in 14.2), and multiply the result by
100.

17. Graph

17.) When the hydrometer analysis is per-
formed, a graph of the tes1 results shall be made,
plotting the diameters of the panticles on a loga-
rithmic scale as abscissa and the percentages
smaller than the corresponding diameters 10 an
arithmetic scale 'as the ordinate. When the hy-
drometer anal is not made on a portion of
the soil, the preparation of the graph is optional,
since values may be secured directly from tabu-
lated data.

18. Report

18.1 The repont shail include the following:

18.1.1 Maximum size of particles,

18.1.2 Percentage passing (or rewined on)
each sieve. which may be tabulated or presented
by plotting on a graph (Note 16),

18.1.3 Description of sand and gravel parti-
cles:

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—hard and durabie. soft. or
weathered and friable,

18.1.4 Specific gravity, if unusually high or
low,

18.1.5 Any difficulty in dispersing the fracuon
passing the No. 10 (2.00-mm) sieve, indicating
any change in type and amount of dispersing
agent. and

18.1.6 The dispersion device used and the
length of the dispersion penod.
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Note 16~This ubulation of graph represents the
gradation of the sampie tested. If particies larger than
those contained in the sample were removed before
tesung. the repont shall 50 suate giving the amount and
mazimum size.

18.2 For materials tested for compliance with
definite specifications, the fractions called for in
such specifications shall be reporied. The frac-
tions smaller than the No. 10 sieve shall be read
from the graph.

18.3 For materials for which compliance with
definite specifications is not indicated and when
the soil is composed aimost entirely of particles
passing the No. 4 (4.75-mm) sieve, the results
read from the graph may be reported as follows:

(1) Gravel, passing 3-in. and rewsined oa %
No dseve e

(2) Sand, passing No. 4 sieve and re- <
uiped on No. 200sieve ™ °°°°°
(a) Coarse sand, passing No. 4 sieve %
and retained on No. 10 sieve """
(8) Medium sand, passing No. 10
sieve and retained on No. 40 ... .. %
sieve
(c) Fine sand, passing No. 40 sieve ‘
and reuined on No. 200 sieve """
(3) Siltsize, 0.074 100005 mm = ..... ]

D 422

(€) Qlay size, smaller thag 0.005 mm ... . %
Colloids, smaller than 0.00l mm .. ... %

18.4 For matenals for which compliance with
definite specifications is not indicated and when
the soil contains material retained oa the No. 4
sieve sufficient to require a sieve analysis on that
portion, the results may be reported as follows
{Note |7):

SIEVE ANaLYSIS
Sieve Size Pasiing
a.
2in.
¥et#w. .
l-in. e
Y.
Wi
No.4(4.78%emm) ...
No. 102.00im) .. .. ...

No. 40 (428yum) ...
No.200(78qum) L.

HYDROMETER ANALYSES

004mm .
000Smm .
000l@m L

Nort 17—No. § (2.36-mm) and No. 50 (300-um)
sieves may be subsututed for No. 10 and No. 40 sieves,

123



b o422

TABLE 1 Values of Carrection Facrer, a. for Different TABLE 2 Continved
Specific Gravities of Seil Parncles*
Hyd I$tH Hydromerer 152 H
Speaific Gravwy Correcuon Factor* -
293 0.94 Acwual . ‘::‘.d Effec. A::" Effec.
290 093 Hydrom- Egml ,m' drom- uwe  drom-  uve
280 097 Reading ® Rad¢ Lem Rad Lom
78 098 ing ing
70 0.9
248 1.00 on | B D
2.60 1.0 1.032 78
2.88 1.02 1033 76
250 1.0 1034 13
2.49 1.08 1.038 70
1.036 (X ]
4 For use 1 squauon for percenwage of soul remamng in 1.037 (3]
suspenuon when unng Hydromeier 152H. 1.038 62
“ Valuas of effecuve depth R
TABLE 2 Valows of Effective Depch Based o Hydromeser wre calculated from the muauon:
2ad Sedimentacion Cylinder of Specified Sizer Lelienily~(vwa)
where:
Hvdromater 151 H Hydrometsr | S2H L = effective depth. cm,
Actual Actual . L = dinance slong Uit sem of the hydrometer from e 10p
Acwal e . Hy Efece He o Effer of the bulk 10 the mark. for 2 hydrometer reading. cm.
Hydrom- Depth, drom- uve drom- uwe Ly = overall length of ihe Mvdrormeier buld, cm.
aw VL s Dot ax Dok by = volume of hydromeer buld. o, snd
Reading Read- Lem Red- Locom A = crom-secuonsl arma of sedimentation cviinder. cm?
ng \ng Values used in calculating the values ia Tadle 2 are as foliows:
1.000 16.3 0 16.3 " 12 For both hydromniers, 131H and 1S2H:
1.001 160 1 161 n 1. L = 140em
1.002 15.8 2 160 33 109 b = 61.0em’
1.003 15.5 ) 15.8 M 107 A = g em?
1.004 152 4 156 38 10.6 For hvdromeser 151H:
1.005 15.0 s 13.3 L, = 10.5 cm for a reading of 1.000
= 23 cm for a reading of 1.03)
1.006 147 ] 153 3% 104 For hydrometer 1 52H:
1.007 14.4 7 152 3 102 L = 10.5 e for 2 resding of 0 g/live
1.008 142 | 15.0 38 10.1 = 2.3 om (or 3 reading of 50 g/lire
1.009 119 9 148 » 9.9
1.010 1.7 10 14.7 « 9.7
101 134 ] 14.5 41 9.6
1.012 131 12 14.3 Q 9.4
1.013 129 13 14.2 4} 92
1.0le 126 14 140 4« 91
1.015 123 [} ] 138 43 8.9
1.018 121 1% 13.7 L] [ % ]
1.017 1.8 17 1.8 47 8.6
1018 ns 18 133 Ll 84
1.019 1.3 19 13.2 o 8
1.020 no 2 130 50 8.1
1.021 10.7 0 129 51 19
1.022 10.5 2 127 52 78
1.023 102 ) 12.3 b1) 16
1.02¢ 10.0 24 124 4 7.4
1.028 .7 i ] 122 33 13
1.026 9.4 26 120 5 7.1
1.027 2 b4 119 57 10
1.028 89 2 1.7 S8 . 63
1.029 8.6 29 1.s 59 . 6.6
1.030 8.4 30 1.4 60’ 6.5
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TABLE 3 Values of X for Use in E. vos for C iag Di of Particle in Hydromerer Analvsis
Tempernure. Spearfic Grawty of Sol Parucia
248 230 258 2.60 2.6 piY, ] .78 280 285
16 001510 001508 0.01481 001457 001435 001414 Q01394 001374 001156
17 0.01511 001486 001462 001439 001417 00139 00137 001356 001138
18 001492 001447 0.01443 003421 001399 001378 0.01359 001339 0.01324
19 001474 001409 001425 001403 001382 00t)6) 001342 0.1323 0.0130%
20 001456 00143) 001408 001386 001365 001)44 00M25 001307 0.01289
28 001438 00104 001091 001)6% 001348 00128 001309 001291 001273
2 0.01421 00r¥¥? 001374 0.01353 001332 001312 0.0129¢ 001276 001258
4 | 001404 001381 001358 001337 00I1MT 00127 00T 001261 001243
2e 001388 00135 001342 0.01)2) 00130t 001282 001264 0012¢6 0012
23 0.01372 001349 001327 001306 001286 001267 0012¢% 001232 001215

001357 001334 001312 00129 001272 001253 00123 001218 001201
001342 001219 001297 001277 001258 001239 00122) 001206 001188
001327 001306 00i28) 001264 001244 001258 001208 00!191  0.01175
001312 001290 001269 001249 001230 001212 001195 001178 001162
001298 001276 0.012% 0012 0.01217 0019 001182 001165 001149

B3R

—— L/

Tm. I8 8W Ga=0.049"

3/4.
Chroms Ploted
P
0.203" *a00’"
(o) {3}
Metric Equivalents
" 0.001 0.049 0.203 L] »

me 00) 1.24 3.16 127 19.0

F1G. 1 Detnil of Strriag Paddies
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‘"’ pesignation: D 4318 - 84

standard Test Method for

SOILS'

- ."“l‘"d“"

. Nope
1 This test method covers the determination

, ¢ liquid limit, plastic limit, and the plasticity

x\ of soils as defined in Section 3.

- 1.1 Two procedures for preparing test spec-
s and two procedures for performing the
x.1d limit are provided as follows:

1 Multipoint test using a wet preparation
procedure, described in Sections 10.1, 11,
and 12,

5 Multipoint test using a dry preparation
procedure, described in Sections 10.2, 11,
and 12.

(' One-point test using a wet preparation pro-
cedure, described in Sections 13, 14, and
15.

) One-point test using a dry preparation pro-
cedure, described in Sections 13, 14, and

« 15.

i "3 procedure to be used shall be specified by

= requesting authority. If no procedure is spec-

“rd. Procedure A shall be used.

\oTe |—Prior to the adoption of this test method,
«.urved grooving tool was specified as part of the
cnvratus for performing the liquid limit test. The
g -~ed tool is not considered to be as accurate as the
‘a1 100l described in 6.2 since it does not control the
4 «mhof the soil in the liquid limit cup. However, there

+2some data which indicate that typically the liquid

-t is slightly increased when the flat tool is used
-dead of the curved tool.

1.1.2 The plastic limit test procedure is de-
«nibed in Sections 16, 17, and 18. The plastic
™t test is performed on material prepared for
% liquid timit test. In effect, there are two
“wedures for preparing test specimens for the
“-astic limit test.

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF

sndard is issued under the fixed designation D 4318; the number immediately following the designation indicates the year of
. "‘a option of. in the case of revision, the year of last revision. A number in parentheses indicates the year of last redpproval.
ol cript epsiton () indicates an editorial change since the last revision or reapproval.

'_' - method has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

1.1.3 The procedure for calculating the plas-
ticity index is given in Section [9.

1.2 The liquid limit and plastic limit of soils
(along with the shrinkage limit) are often collec-
tively referred to as the Atterberg limits in rec-
ognition of their formation by Swedish soil sci-
entist, A, Atterberg. These limits distinguish the
boundaries of the several consistency states of
plastic soils.

1.3 As used in this test method, soil is any
natural aggregation of mineral or organic mate-
rials, mixtures of such materials, or artificial mix-
tures of aggregates and natural mineral and or-
ganic particles.

1.4 The multipoint liquid limit procedure is
somewhat more time consuming than the one-
point procedure when both are performed by
experienced operators. However, the one-point
procedure requires the operator to judge when
the test specimen is approximately at its liquid
limit. In cases where this is not done reliably, the
multipoint procedure is as fast as the one-point
procedure and provides additional precision due
to the information obtained from additional
trnals. It is particularly recommended that the
multipoint procedure be used by inexperienced
operators.

1.5 The correlations on which the calculations
of the one-point procedure are based may not be
valid for certain soils, such as organic soils or

! This test method is under the jurisdiction of ASTM Com-
mittee D-18 on Soil and Rock and is the direct responsibility of
Subcommiittee D18.03 on Texture, Plasticity and Density Char-
acteristics of Soils.

Current edition approved Oct. 26, 1984, Published December
1984. On'g,inflly published as D 4318 - 83. Last previous edition
D 4318 - 83,
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soils from a marine environment. The liquid
limit of these soils should therefore be deter-
mined by the multipoint procedure (Procedure
A).

1.6 The liquid and plastic limits of many soils
that have been allowed to dry before testing may
be considerably different from values obtained
on undried samples. If the liquid and plastic
limits of soils are used to correlate or estimate
the engineering behavior of soils in their natural
moist state, samples should not be permitted to
dry before testing unless data on dried samples
are specifically desired.

1.7 The composition and concentration of
soluble salts in a soil affect the values of the
liquid and plastic limits as well as the water
content values of soils (see Method D 2216).
Special consideration should therefore be given
to soils from a marine environment or other
sources where high soluble salt concentrations
may be present. The degree to which the salts
present in these soils are diluted or concentrated
must be given consideration if meaningful results
are to be obtained.

1.8 Since the tests described herein are per-
formed only on that portion of a soil which passes
the 425-um (No. 40) sicve, the relative contri-
bution of this portion of the soil to the properties
of the sample as a whole must be considered
when using these tests to cvaluate the propertics
of a soil.

1.9 The values stated in acceptable metric
units are to be regarded as the standard. The
vallm given in parentheses are for information
only.

1.10 This standard may involve hazardous
materials, operations, and equipment. This
standard does not purport to address all of the
safety problems associated with its use. It is the
responsibility of whoever uses this standard to
consult and establish appropriate safety and
health practices and determine the applicability
of regulatory limitations prior to use.

2. Applicable Documents

2.1 ASTM Standards:

C 702 Methods for Reducing Field Samples of
Aggregate to Testing Size?

D 75 Practice for Sampling Aggregates®

D 420 Recommended Practice for Investigat-
ing and Sampling Soil and Rock for Engi-
neering Purposes*

l ( l [
D 4318

D 653 Terms and Symbols Relating {38
and Rock* ¥

D 1241 Specification for Materials .
Aggregate Subbase, Base, and S I
Courses* i

D 2216 Method for Laboratory D .,
of Water (Moisture) Content of Soil, B¥
and Soil-Aggregate Mixtures®* T

D 2240 Test Method for Rubber P
Durometer Hardness® .

D 2487 Test Method for Classification oy €%
for Engineering Purposes* :,

D 2488 Practice for Description and 14al
cation of Soils (Visual-Manual Proce

D 3282 Practice for Classification of Soly gay
Soil-Aggregate Mixtures for Highway G2
struction Purposes* -

E 11 Specification for Wire-Cloth Sie
Testing Purposes®

E 319 Mecthods of Testing Single-Arm :
anm‘ 4.

E 898 Mcthod of Testing Top-Loading
rect-Reading Laboratory Scales ar.cll
ances® b

3. Definitions

3.1 Auerberg limits—originally, seven “limig
of consistency” of fine-grained soils were defingd
by Albert Atterberg. In current engineering usage,
the term usually refers only to the liquid timi
plastic limit, and in some references, the shnnk.
age limit. o 4

3.2 consistency—the relative ease with which
a soil can be deformed. K

3.3 liquid limit (LL)—the water content,
percent, of a soil at the arbitrarily defined boup
ary between the liquid and plastic states. T
water content is defined as the water content af
which a pat of soil placed in a standard cup:d
cut by a groove of standard dimensions will‘ﬂw
together at the base of the groove for a distang
of 13 mm (% in.) when subjscted to 25 shocks
from the cup being dropped 10 mm in a standand
liquid limit apparatus operated at a rate of;?
shocks per second. vega' '

s

2 Annual Book of ASTM Standards, Vol 04.02. i
o4 3 Annual Book of ASTM Siandards, Vols 04.02, 04.0.
¢ Annual Book of ASTM Standards, Vol 04.08.
3 Annual Book of ASTM Standards, Vol 09.01.
¢ Annual Book of ASTM Standards, Vol 14.02.

St
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Note 2—The undrained shear strength of soil at the
pquid limit is considered to be 2 +0.2 kPa (0.28 ps1).
3.4 plastic limit (PL)—the water content, in
percent, of a soil at the boundary between the
tic and brittle states. The water content at
{his boundary is the water content at which a soil
an no longer be deformed by rolling into 3.2

mm (s in.) in diameter threads without crum-

bhng.
3.5 plastic soil—a soil which has a range of

aater content over which it exhibits plasticity
,nd which will retain its shape on drying.

3.6 plasticity index (PI)—the range of water
ontent over which a soil behaves plastically.
umerically, it is the difference between the lig-
yid limit and the plastic limit.

3.7 liquidity index—the ratio, expressed as a
percentage, of (/) the natural water content of a
il minus its plastic limit, to (2) its plasticity
index.

1.8 activity number (A4)—the ratio of (1) the
plasticity index of a soil to (2) the percent by
weight of particles having an equivalent diameter
smaller than 0.002 mm.

{. Summary of Method

4.1 The sample is processed to remove any
material retained on a 425-um (No. 40) sicve.
The liquid limit is determined by performing
1rials in which a portion of the sample is spread
in a brass cup, divided in two by a grooving tool,
and then allowed to flow together from the
shocks caused by repeatedly dropping the cup in
s standard mechanical device. The multipoint
liquid limit, Procedures A and B, requires three
or more trials over a range of water contents to
be performed and the data from the trials plotted
or calculated to make a relationship from which
the liquid limit is determined. The one-point
liquid limit, Procedures C and D, uses the data
from two trials at one water content multiplied
by a correction factor to determine the liquid
limit.

4.2 The plastic limit is determined by alter-
nately pressing together and rolling into a 3.2
mm (% in.) diameter thread a small portion of
plastic soil until its water content is reduced to a
point at which the thread crumbles and is no
longer able to be pressed together and rerolled.
The water content of the soil at this stage is
reported as the plastic limit.

( ( l f {
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4.3 The plasticity index is calculated as the
difference between the liquid limit and the plastic
limit.

5. Significance and Use

5.1 This test method is used as an integral part
of several engincering classification systems to
characterize the fine-grained fractions of soils (see
Test Method D 2487 and Practice D 3282) and
to specify the fine-grained fraction of construc-
tion materials (see Specification D 1241). The
liquid limit, plastic limit, and plasticity index of
soils are also used extensively, either individually
or together with other soil properties to correlate
with engineering behavior such as compressibil-
ity, permeability, compactibility, shrink-swell,
and shear strength.

5.2 The liquid and plastic limits of a soil can
be used with the natural water content of the soil
to express its relative consistency or liquidity
index and can be used with the percentage finer
than 2-pm size to determinc its activity number.

5.3 The one-point liquid limit procedure is
frequently used for routine classification pur-
poses. When greater precision is required, as
when used for the acceptancé of a material or for
correlation with other test data, the multipoint
procedure should be used.

5.4 These methods are sometimes used to
evaluate the weathering characteristics of clay-
shale materials. When subjected to repeated wet-
ting and drying cycles, the liquid limits of these
materials tend to increase. The amount of in-
crease is considered to be a measure of a shale’s
susceptibility to weathering.

5.5 The liquid limit of a soil containing sub-
stantial amounts of organic matter decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the liquid limit of a sample
before and after oven-drying can therefore be

used as a qualitative measure of organic matter
content of a soil.

6. Apparatus

6.1 Liquid Limit Device—A mechanical de-
vice consisting of a brass cup suspended from a
carriage designed to control its drop onto a hard
rubber base. A drawing showing the essential
features of the device and the critical dimensions
is given in Fig. 1. The design of the device may
vary provided that the essential functions are

¢
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preserved. The device may be operated either by
a hand crank or by an electric motor.

6.1.1 Base—The base shall be hard rubber
having a D Durometer hardness of 80 to 90, and
a resilience such that an 8-mm (¥1¢-in.) diameter
polished steel ball, when dropped from a height
of 25 cm (9.84 in.) will have an average rebound
of at least 80 % but no more than 90 %. The tests
shall be conducted on the finished base with feet
attached.

6.1.2 Feet—The base shall be supported by
rubber feet designed to provide isolation of the
base from the work surface and having an A
Durometer hardness no greater than 60 as mea-
sured on the finished feet attached to the base.

6.1.3 Cup—The cup shall be brass and have a
weight, including cup hanger, of 18510 215g.

6.1.4 Cam—The cam shall raise the cup
smoothly and continuously to its maximum
height, over a distance of at least 180° of cam
rotation. The preferred cam motion is a uni-
formly accelerated lift curve. The design of the
cam and follower combination shall be such that
there is no upward or downward velocity of the
cup when the cam follower leaves the cam.

Note 3—The cam and folliower design in Fig. | is
for uniformly accelerated (parabolic) motion after con-
tact and assures that the cup has no velocity at drop
off. Other cam designs also provide this feature and
may be used. However, if the cam-follower lift pattern
is not known, zero velocity at drop off can be assured
by carefully filing or machining the cam and follower

so that the cup height remains constant over the last 20
to 45° of cam rotation,

6.1.5 Carriage—The cup carriage shall be
constructed in a way that allows convenient but
secure adjustment of the height of drop of the
cup to 10 mm (0.394 in.). The cup hanger shall
be attached to the carriage by means of a pin
which allows removal of the cup and cup hanger
for cleaning and inspection.

6.1.6 Optional Motor Drive—As an alterna-
tive to the hand crank shown in Fig. 1, the device
may be equipped with a motor to turn the cam.
Such a motor must turn the cam at 2 0.1
revolutions per second, and must be isolated
from the rest of the device by rubber mounts or
in some other way that prevents vibration from
the motor being transmitted to the rest of the
apparatus. It must be equipped with an ON-OFF
switch and a means of conveniently positioning
the cam for height of drop adjustments. The
results obtained using a motor-driven device

[ ( { (
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must not differ from those obtained
manually operated device.

ing dimensions shown in Fig. 2. The tog]
be made of plastic or noncorroding metal 2}
design of the tool may vary as long as the egsei¥
dimensions are maintained. The tool may
need not, incorporate the gage for adjustingthe
height of drop of the liquid limit device. .4

6.3 Gage—A metal gage block for ad_|
the height of drop of the cup, having the dj
sions shown in Fig. 3. The design of the tool
vary provided the gage will rest securely of gy
base without being susceptible to rockmg,
the edge which contacts the cup during
ment is straight, at least 10 mm (% in. )Wlde,
without bevel or radius.

6.4 Containers—Small corrosion-r
containers with snug-fitting lids for water
specimens. Aluminum or stainless steel eang
cm (1 in.) high by 5 cm (2 in.) in dlamc(q-g
appropriate.

6.5 Balance—A balance readable to at
0.0 g and having an accuracy of 0.03 g withk
three standard deviations within the range of ug.
Within any 15-g range, a difference betwecnta
ings shall be accurate within 0.01 g (Notes 4‘;’“
3).

NoTE 4—See Methods E 898 and E 319 for
planation of terms relating to balance perfor

NotEe 5—For frequent use, a top-loading type
ance with automatic load indication, readable to 0
g. and having an index of precision (standard deviation)
of 0.003 or better is most suitable for this method
However, nonautomatic indicating equal-arm analﬂ.
cal balances and some small equal arm top pan balaiké
having readabilities and sensitivities of 0.002 g or betier
provide the required accuracy when used with a w
set of ASTM Class 4 (National Burcau of St
Class P) or better. Ordinary commercial and ¢l
type balances such as beam balances are not
for this method.

6.6 Storage Container—A container in W
to store the prepared soil specimen that will:
contaminate the specimen in any way, and w
prevents moisture loss. A porcelain, gl
plastic dish about 11.4 cm (4% in.) in diam
and a plastic bag large enough to enclose thc
and be folded over is adequate.

6.7 Ground Glass Plate—A ground glass {
at least 30 cm (12 in.) square by | cm (%hE
thick for mixing soil and rolling plastic ki
threads.

6.8 Spatula—A spatula or pill knife havmtl

plade about 2 cm (% in.) wide by about 10 cm
(4 in.) long. In addition, a spatula having a blade
sbout 2.5 cm (1 in.) wide and 15 cm (6 in.) long
has peen found uscful for initial mixing of sam-

(, 9 Sieve—A 20.3 cm (8 in. ) diameter, 425-
m (No. 40) sieve conforming to the require-
mcntS of Specification E 11 and having a rim at
jcast 5 cm (2 in.) above the mesh. A 2-mm (No.
|0) sieve meeting the same requirements may
ls0 be nmm
6.10 Wash Botile, or similar container for
adding controlled amounts of water to soil and
washing fines from coarse particles.

6.11 Drying Oven—A thermostatically con-
wolled oven, preferably of the forced-draft type,
capable of continuously maintaining a tempera-
wre of 110 £5°C throughout the drying chamber.
The oven shall be equipped with a thermometer
of suitable range and accuracy for monitoring
oven temperature.

6.12 Washing Pan—A round, flat-bottomed
pan at least 7.6 cm (3 in.) deep, slightly larger at
the bottom than a 20.3-cm (8-in.) diameter sieve.

6.13 Rod (optional}—A metal or plastic rod
ortube 3.2 mm (' in.) in diameter and about 10
«m (4 in.) long for judging the size of plastic limit
threads.

7. Materials

7.1 A supply of distilled or demineralized wa-
fer.

8. Sampling

8.1 Samples may be taken from any location
that satisfies testing needs. However, Methods
€702, and Practice D75, and Recommended
Practice D 420 should be used as guides for se-
lecting and preserving samples from various
types of sampling operations. Samples which will
be prepared using the wet preparation procedure,
10.1, must be kept at their natural water content
pnor to preparation.

8.2 Where sampling operations have pre-
served the natural stratification of a sample, the
vanious strata must be kept separated and tests
performed on the particular stratum of interest
with as little contamination as possible from
other strata. Where a mixture of matenials will
be used in construction, combine the various
components in such proportions that the result-

ant sample represents the actual construction
case.

@ l
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8.3 Where data from this test method are to
be used for correlation with other laboratory or
field test data, use the same material as used for
these tests where possible.

8.4 Obtain a representative portion from the
total sample sufficient to provide 150 to 200 g of
material passing the 425-pm (No. 40) sicve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mixed thoroughly in a pan with a spatula, or
scoop and a representative portion scooped from
the total mass by making one or more sweeps
with a scoop through the mixed mass.

9. Calibration of Apparatus

9.1 Inspection of Wear:

9.1.1 Liguid Limit Device—Determine that
the liquid limit device is clean and in good work-
ing order. The following specific points should
be checked:

9.1.1.1 Wear of Base—The spot on the base
where the cup makes contact should be worn no
greater than 10 mm (% in.) in diameter. If the
wear spot is greater than this, the base can be
machined to remove the worn spot provided the
resurfacing does not make the base thinner than
specified in 6.1 and the other dimensional rela-
tionships are maintained.

9.1.1.2 Wear of Cup—The cup must be re-
placed when the grooving tool has worn a de-
pression in the cup 0.1 mm (0.004 in.) deep or
when the edge of the cup has been reduced to
half its original thickness. Verify that the cup is
firmly attached to the cup hanger.

9.1.1.3 Wear of Cup Hanger—Verify that the
cup hanger pivot does not bind and is not worn
to an extent that allows more than 3-mm (%-in.)
side-to-side movement of the lowest point on the
rm.

9.1.1.4 Wear of Cam—The cam shall not be
worn to an extent that the cup drops before the
cup hanger (cam follower) loses contact with the
cam.

9.1.2 Grooving Tools—Inspect grooving tools
for wear on a frequent and regular basis. The
rapidity of wear depends on the material from
which the tool is made and the types of soils
being tested. Sandy soils cause rapid wear of
grooving tools; therefore, when testing these ma-
terials, tools should be inspected more frequently
than for other soils. Any tool with a tip width
greater than 2.1 mm must not be used. The depth
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of the tip of the grooving tool must be 7.9 to 8.1
mm.

NOTE 6—The width of the 1ip of grooving tools is
conveniently checked using a pocket-sized measuring
magnificr equipped with a millimetre scale. Magnifiers
of this type are available from most laboratory supply
companies. The depth of the tip of grooving tools can
be checked using the depth measuring feature of vernier
calipers.

9.2 Adjustment of Height of Drop—Adjust the
height of drop of the cup so that the point on the
cup that comes in contact with the base rises to
a height of 10 £0.2 mm. See Fig. 4 for proper
location of the gage relative to the cup during
adjustment.

NOTE 7—A convenient procedure for adjusting the
height of drop is as follows: place a picce of masking
tape across the outside bottom of the cup parallel with
the axis of the cup hanger pivot. The edge of the tape
away from the cup hanger should bisect the spot on the
cup that contacts the base. For new cups, placing a
piece of carbon paper on the base and allowing the cup
to drop several times will mark the contact spot. Attach
the cup to the device and tumn the crank until the cup
is raised to its maximum height. Slide the height gage
under the cup from the front, and observe whether the
gage contacts the cup or the tape. See Fig. 4. If the tape
and cup are both contacted, the height of drop is
approximately correct. If not, adjust the cup until si-
multancous contact is made. Check adjustment by
turning the crank at 2 revolutions per second while
holding the gage in position agamst the tape and cup.
If a ringing or clicking sound is heard without the cup
rising from the gage, the adjustment is correct. If no
ringing is heard or if the cup rises from the gage, readjust
the height of drop. If the cup rocks on the gage during
this checking operation, the cam follower pivot is ex-
cessively worn and the worn parts should be replaced.
Always remove tape after completion of adjustment
operation.

MULTIPOINT LIQUID LIMIT—PROCEDURES
A AND B

10. Preparation of Test Specimens

10.1 Wet Preparation—Except where the dry
method of specimen preparation is specified
(10.2), prepare specimens for test as described in
the following sections.

10.1.1 Samples Passing the 425-um (No. 40)
Sieve—When by visual and manual procedures
it is determined that the sample has little or no
material retained on a 425-um (No. 40) sieve,
prepare a specimen of 150 to 200 g by mixing
thoroughly with distilled or demineralized water
on the glass plate using the spatula. If desired,
soak soil in a storage dish with small amount of
water (o soften the soil before the start of mixing.

D 4318

a consistency that would require 25 to 35 :
of the liquid limit device to close the g
(Note 8). If, during mixing, a small p

on a 425-um (No. 40) sieve, remove thess

cles by hand, if possible. If it is impracti
remove the coarser material by hand,
small percentages (less than about 15
coarser material by working the :

rubber sheeting, rubber stopper, or other con;
ient device provided the operation does not“
tort the sieve or degrade material that wo
retained if the washing method described
10.1.2 were used. If larger peroentagw of coRt’
material are encountered during mixing, or: ith
considered impractical to remove the oo..ﬁ
material by the methods just described, wash
sample as described in 10.1.2. When the
particles found during mixing are coi
shells, or other fragile particles, do not crush thegs
particles to make them pass a 425-um (No"qm'
sieve, but remove by hand or by washing. Phq
the mixed soil in the storage dish, cover to
vent loss of moisture, and allow to stand for’
least 16 h (overnight). After the standing pcma
and immediately before starting the test, thol’.
oughly remix the soil.
NOTE 8—The time taken to adequately mix a
will vary greatly, depending on the plasticity and initial
water content. Initial mixing times of more than 30 2
in may be needed for stiff, fat clays. ;
10.1.2 Samples Containing Material Retaii
on a 425-um (No. 40) Sieve: {
10.1.2.1 Select a sufficient quantity of soil i
natural water content to provide 150 to 200 g of
material passing the 425-um (No. 40) sieve, Place
in a pan or dish and add sufficient water to oovu'
the soil. Allow to soak until all lumps have
softened and the fines no longer adhere to the
surfaces of the corase particles (Note 9). "3

Note 9-—In some cases, the cations of salts pmul

in tap water will exchange with the natural cations i
the soil and significantly alter the test results should tap
water be used in the soaking and washing opcmuons
Unless it is known that such cations are not present in
the tap water, distilled or demineralized water should
be used. As a gencral rule, water containing more thdn
100 mg/L of dissolved solids should not be used ﬁx
washing operations. ’f(
)

10.1.2.2 When the sample contains a large

percentage of material retained on the 425-um

( ( l IG“’

\No. 40) sieve, perform the following washing
,perauon in increments, washing no more than
05 ke (1 1b) of material at one time. Place the
435-um (No. 40) sieve in the bottom of the clean

n. Pour the soil water mixture onto the sicve.
| gravel or coarse sand particles are present, rinse
45 many of these as possible with small quantities
of water from a wash bottle, and discard. Alter-
aatively, pour the soil water mixture over a 2-
mm (No. 10} sieve nested atop the 425-um (No.
1) sieve, rinse the fine material through and
emove the 2-mm (No. 10) sieve. After washing
and removing as much of the coarser material as

ible, add sufficient water to the pan to bring

the level to about 13 mm (%2 in.) above the surface
of the 425-um (No. 40) sieve. Agitate the slurry
py stirring with the fingers while raising and
|0wenng the sieve in the pan and swirling the
suspension so that fine material is washed from
1he coarser particles. Disaggregate fine soil lumps
that have not slaked by gently rubbing them over
ihe sieve with the fingertips. Complete the wash-
wng operation by raising the sieve above the water
surface and rinsing the material retained with a
small amount of clean water. Discard material
retained on the 425-um (No. 40) sieve.

10.1.2.3 Reduce the water content of the ma-
terial passing the 425-um (No. 40) sieve until it
approaches the liquid limit. Reduction of water
content may be accomplished by one or a com-
bination of the following methods: (a) exposing
the air currents at ordinary room temperature,
(h) exposing to warm air currents from a source
such as an electric hair dryer, (¢) filtering in a
Buckner funnel or using filter candles, (d) de-
canting clear water from surface of suspension,
or () draining in a colander or plaster of paris
dish lined with high retentivity, high wet-strength
filter paper.” If a plaster of paris dish is used, take
care that the dish never becomes sufficiently
saturated that it fails to actively absorb water into
its surface. Thoroughly dry dishes between uses.
During evaporation and cooling, stir the sample
often enough to prevent overdrying of the fringes
and soil pinnacles on the surface of the mixture.
For soil samples containing soluble salts, use a
method of water reduction such as a or b that
will not eliminate the soluble salts from the test
specimen.

10.1.2.4 Thoroughly mix the material passing
the 425-pum (No. 40) sieve on the glass plate using
the spatula. Adjust the water content of the mix-
ture, if necessary, by adding small increments of
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distilled or demineralized water or by allowing
the mixture to dry at room temperature while
mixing on the glass plate. The soil should be at a
water content that will result in closure of the
groove in 25 to 35 blows. Return the mixed soil
to the mixing dish, cover to prevent loss of mois-
ture, and allow to stand for at least 16 h. After
the standing period, and immediately before
starting the test, remix the soil thoroughly.

10.2 Dry Preparation:

10.2.1 Select sufficient soil to provide 150 to
200 g of material passing the 425-um (No. 40)
sieve after processing. Dry the sample at room
temperature or in an oven at a temperature not
exceeding 60°C until the soil clods will pulverize
readily. Disaggregation is expedited if the sample
is not allowed to completely dry. However, the
soil should have a dry appearance when pulver-
ized. Pulverize the sample in a mortar with a
rubber tipped pestal or in some other way that
does not cause breakdown of individual grains.
When the coarse particles found during pulven-
zation are concretions, shells, or other fragile
particles, do not crush these particles to make
them pass a 425-um (No. 40) sieve, but remove
by hand or other suitable means, such as washing.

10.2.2 Separate the sample on a 425-um (No.
40) sieve, shaking the sieve by hand to assure
thorough separation of the finer fraction. Return
the material retained on the 425-um (No. 40)
sieve to the pulverizing apparatus and repeat the
pulverizing and sieving operations as many times
as necessary to assure that all finer material has
been disaggregated and material retained on the
425-pum (No. 40) sieve consists only of individual
sand or gravel grains.

10.2.3 Place material remaining on the 425-
um (No. 40) sieve after the final pulvenzing
operations in a dish and soak in a small amount
of water. Stir the soil water mixture and pour
over the 425-um (No. 40) sieve, catching the
water and any suspended fines in the washing

pan. Pour this suspension into a dish containing
the dry soil previously sieved through the 425-
pum (No. 40) sieve. Discard material retained on
the 425-um (No. 40) sieve.

10.2.4 Adjust the water content as necessary
by drying as described in 10.1.2.3 or by mixing
on the glass plate, using the spatula while adding
increments of distilled or demineralized water,

7S and S 595 filter paper, available in 32-cm circles, has
proven satisfactory.
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until the soil is at a water content that will result
in closure of the groove in 25 to 35 blows.

10.2.5 Put soil in the storage dish, cover to
prevent loss of moisture and allow to stand for
at least 16 h. ARer the standing period, and
immediately before starting the test, thoroughly
remix the soil (Note 8).

11. Procedure

11.1 Place a portion of the prepared soil in
the cup of the liquid limit device at the point
where the cup rests on the base, squeeze it down,
and spread it into the cup to a depth of about 10
mm at its deepest point, tapering to form an
approximately horizontal surface. Take care to
eliminate air bubbles from the soil pat but form
the pat with as few strokes as possible. Heap the
unused soil on the glass plate and cover with the
inverted storage dish or a wet towel.

11.2 Form a groove in the soil pat by drawing
the tool, beveled edge forward, through the soil
on a line joining the highest point to the lowest
point on the rim of the cup. When cutting the
groove, hold the grooving tool against the surface
of the cup and draw in an arc, maintaining the
tool perpendicular to the surface of the cup
throughout its movement. See Fig. 5. In soils
where a groove cannot be made in one stroke
without tearing the soil, cut the groove with
several strokes of the grooving tool. Alternatively,
cut the groove to slightly less than required di-
mensions with a spatula and use the grooving
tool to bring the groove to final dimensions.
Exercise extreme care to prevent sliding the soil
pat relative to the surface of the cup.

11.3 Verify that no crumbs of soil are present
on the base or the underside of the cup. Lift and
drop the cup by turning the crank at a rate of 1.9
to 2.1 drops per second until the two halves of
the soil pat come in contact at the bottom of the
groove along a distance of 13 mm (% in.). See
Fg. 6.

Note 10—Use the end of the grooving tool, Fig. 2,
or a scale to verify that the groove has closed 13 mm
(% in.).

11.4 Verify that an air bubble has not caused
premature closing of the groove by observing that
both sides of the groove have flowed together
with approximately the same shape. If a bubble
has caused premature closing of the groove, re-
form the soil in the cup, adding a small amount
of soil to make up for that lost in the grooving
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operation and repeat 11.1 to 11.3. If the g
slides on the surface of the cup, repeat -1y
through 11.3 at a higher water content. If,
several trials at successively higher water ¢
tents, the soil pat continues to slide in the cup
if the number of blows required to close j
groove is always less than 25, record that g
liquid limit could not be determined, and
the soil as nonplastic without pcrformmg
plastic limit test.

11.5 Record the number of drops, N, requi
to close the groove. Remove a slice of soil ap*
proximately the width of the spatula, cxtcndijg\
from edge to edge of the soil cake at right angley
to the groove and including that portion of the
groove in which the soil flowed together, placcm
a weighed container, and cover.

11.6 Retumn the soil remaining in the cup m
the glass plate. Wash and dry the cup and gmov.
ing tool and reattach the cup to the mmagci
preparation for the next trial.

11.7 Remix the entire soil specimen on the
glass plate adding distilled water to increase the
water content of the soil and decrease the number
of blows required to close the groove. Repeat
11.1 through 11.6 for at least two additional trials
producing successively lower numbers of blmvx
to close the groove. One of the trials shall be fa'
a closure requiring 25 to 35 blows, one for closure
between 20 and 30 blows, and one trial for;a
closure requiring 15 to 25 blows. 4;'.

11.8 Determine the water content, Wy, of the
soil specimen from each trial in accordance with
Method D 2216. Make all weighings on the same
balance. Initial weighings should be performed
immediately afier completion of the test. If the
test is to be interrupted for more than about 1§
min, the specimens already obtained should be
weighed at the time of the interruption. ng

-3
12. Calculations ag‘l
12.1 Plot the relationship between the water
content, Wy, and the corresponding numbcr‘o_f
drops, N, of the cup on a semilogarithmic graph
with the water content as ordinates on the arith-
metical scale, and the number of drops as abscis-
sas on the logarithmic scale. Draw the bcd
straight line through the three or more plotted
points.
12.2 Take the water content corrcspondmg t0
the intersection of the line with the 25-drop
abscissa as the liquid limit of the soil. Computa-

tional methods may be substituted for the graph-
ical method for fitting a straight line to the data
and determining the liquid limit.

ONE-POINT LIQUID LIMIT—PROCEDURES
C AND D

13. Preparation of Test Specimens

13.1 Prepare the specimen in the same man-
ner as described in Section 10, except that at
mixing, adjust the water content to a consistency
requiring 20 to 30 drops of the liquid limit cup
10 close the groove.

14. Procedure

14.1 Proceed as described in 11.1 through
11.5 except that the number of blows required to
close the groove shall be 20 to 30. If less than 20
or more than 30 blows are required, adjust the
water content of the soil and repeat the proce-
dure.

14.2 Immediately after removing a water
content specimen as described in 11.5, reform
the soil in the cup, adding a small amount of
soil to make up for that lost in the grooving and
water content sampling operations. Repeat 11.2
through 11.5, and, if the second closing of the
groove requires the same number of drops or no
more than two drops difference, secure another
water content specimen. Otherwise, remix the
entire specimen and repeat.

NoTe 11-—Excessive drying or inadequate mixing
will cause the number of blows to vary.

14.3 Determine water contents of specimens
as described in 11.8.

15. Calculations

15.1 Determine the liquid limit for each water
content specimen using one of the following

cquations:
0.
LL = W,,(z—l:) or

LL = K(Wy)

where:
N = the number of blows causing closure of the
groove at water content,
Wy = water content, and
K = a factor given in Table 1.
The liquid limit is the average of the two trial
liquid limit values.
15.2 If the difference between the two trial
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liquid limit values is greater than one percentage
point, repeat the test.

PLASTIC LIMIT

16. Preparation of Test Specimen

16.1 Select a 20-g portion of soil from the
material prepared for the liquid limit test, either
after the second mixing before the test, or from
the soil remaining after completion of the test.
Reduce the water content of the soil to a consist-
ency at which it can be rolled without sticking to
the hands by spreading and mixing continuously
on the glass plate. The drying proocess may be
accelerated by exposing the soil to the air current
from an electric fan, or by blotting with paper
that does not add any fiber to the soil, such as
hard surface paper toweling or high wet strength
filter paper.

17. Procedure

17.1 From the 20-g mass, select a portion of
1.5 to 2.0 g. Form the test specimen into an
ellipsoidal mass. Roll this mass between the palm
or fingers and the ground-glass plate with just
sufficient pressure to roll the mass into a thread
of uniform diameter throughout its length (Note
12). The thread shall be further deformed on
each stroke so that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 3.2 +0.5 mm (0.125 +£.020 in.),
taking no more than 2 min (Note 13). The
amount of hand or finger pressure required will
vary greatly, according to the soil. Fragile soils of
low plasticity are best rolled under the outer edge
of the palm or at the base of the thumb.

NOTE 12—A normal rate of rolling for most soils
should be 80 to 90 strokes per minute, counting a
stroke as one complete motion of the hand forward and
back to the starting position. This rate of rolling may
have to be decreased for very fragile soils.

NoOTE 13—A 3.2-mm (%-in.) diameter rod or tube
is useful for frequent comparison with the soil thread
to ascertain when the thread has reached the proper
diameter, especially for inexperienced operators.

17.1.1 When the diameter of the thread be-
comes 3.2 mm, break the thread into several
pieces. Squeeze the pieces together, knead be-
tween the thumb and first finger of each hand,
reform into an ellipsoidal mass, and reroll. Con-
tinue this alternate rolling to a thread 3.2 mm in
diameter, gathering together, kneading and re-
rolling, until the thread crumbles under the pres-
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sure required for rolling and the soil can no
longer be rolled into a 3.2-mm diameter thread
(Sce Fig. 7). It has no significance if the thread
breaks into threads of shorter length. Roll cach
of these shorter threads to 3.2 mm in diameter.
The only requirement for continuing the test is
that they are able to be reformed into an ellip-
soidal mass and rolled out again. The operator
shall at no time attempt to produce failure at
exactly 3.2 mm diameter by allowing the thread
to reach 3.2 mm, then reducing the rate of rolling
or the hand pressure, or both, while continuing
the rolling without further deformation until the
thread falls apart. It is permissible, however, to
reduce the total amount of deformation for fecbly
plastic soils by making the initial diameter of the
ellipsoidal mass nearer to the required 3.2-mm
final diameter. If crumbling occurs when the
thread has a diameter greater than 3.2 mm, this
shall be considered a satisfactory end point, pro-
vided the soil has been previously rolled into a
thread 3.2 mm in diameter. Crumbling of the
thread will manifest itself differently with the
various types of soil. Some soils fall apart in
numerous small aggregations of particles, others
may form an outside tubular layer that starts
splitting at both ends. The splitting progresses
toward the middle, and finally, the thread falls
apart in many small platy particles. Fat clay soils
require much pressure to deform the thread,
particularly as they approach the plastic limit.
With these soils, the thread breaks into a series
of barrel-shaped segments about 3.2 to 9.5 mm
(% to % in.) in length.

17.2 Gather the portions of the crumbled
thread together and place in a weighed container.
Immediately cover the container.

17.3 Select another 1.5 to 2.0 g portion of soil
from the original 20-g specimen and repeat the
operations described in 17.1 and 17.2 until the
container has at least 6 g of soil.

17.4 Repeat 17.1 through 17.3 to make an-
other container holding at least 6 g of soil. De-
termine the water content, in percent, of the soil
contained in the containers in accordance with
Method D 2216. Make all weighings on the same
balance.

NotE 14—The intent of performing two plastic
limit trials is to verify the consistency of the test results.
It is acoeptable practice to perform only one plastic
limit trial when the consistency in the test results can
be confirmed by other means.

( ( ( (
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18.1 Compute the average of the two

contents. If the difference between the twg
contents is greater than two percentage, r
repeat the test. The plastic limit is the ave
the two water contents.

PLASTICITY INDEX

19. Calculations

19.1 Calculate the plasticity index as fol
Pl=LL-PL v

where:
LL = the liquid limit,
PL = the plastic limit. :
Both LL and PL are wholc numbers. n' it
the liquid limit or plastic limit could mﬁ;
determined, or if the plastic limit is equal to"u
greater than the liquid limit, report the soi]‘;
nonplastic, NP,

20. Report

20.1 Report the following information: . g
20.1.1 Sample identifying information, :y;
20.1.2 Any special specimen selection proces
used, such as removal of sand lenses from unds-
turbed sample,
20.1.3 Report sample as airdried if the samlt
was airdried before or during preparation, ::3
20.1.4 Liquid limit, plastic limit, and plastic-
ity index to the nearest whole number and omit-
ting the percent designation. If the liquid limit or
plastic limit tests could not be performed, or
the plastic limit is equal to or greater than the
liquid limit, report the soil as nonplastic, NP,§
20.1.5 An estimate of the percentage of sam-
ple retained on the 425-um (No. 40) sieve, and
20.1.6 Procedure by which liquid limit was
performed, if it differs from the multipoint
method.

£

.

21. Precision and Bias

21.1 No interlaboratory testing program has
as yet been conducted using this test method to
determine multilaboratory precision.

21.2 The within laboratory precision of thc
results of tests performed by different operators
at one laboratory on two soils using Procedure A
for the liquid limit is shown in Table 2.

JABLE 1 Factors for Obtaiaing Liquid Limit from Water

( {
€p oase

TABLE 2 Withia Laboratory Precision for Liquid Limit

Number of Drops Causing Clesure of Groove Standard
Costent "‘N Average Valuc, X Deviation, 5
(Number of Drops) (Factor for uquid Limit) Soil A:
0.974 PL 219 1.07
¥ 0979 LL 79 107
2 0.985 Soil B: 2
n 099 PL 201 -
% 0.995 LL 326 0.98
25 1.000
26 1.005
27 1.009
28 1.014
2 1.018
30 [¥172]
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POINT WHERE
CUP CONTACTS BASE

HEIGHT GAUGE

Ny \ N\
MASKING TAPE APPLIED AS AID
IN ADJUSTMENT OPERATION

FIG. 4 Calibration for Height of Drop

FIG. 5 Grooved Soil Pat in Liquid Limit Device
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FIG. 6 Soil Put After Groove Has Closed




FIG. 7 Lean Clay Soil at the Plastic Limit
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Standargd Test Methods for

MOISTURE-DENSITY RELATIONS OF SOILS AND SOIL- 4
AGGREGATE MIXTURES USING 10-Ib (4.54-kg) RAMMER
AND 18-in. (457-mm) DROP' | '
This standard is issued under the (ixed designation D 1557; the number immediately lollowing, the designation indicates

year of original adoption or, in the case of revision, the year of last revision. A number in parentheses i
) ; 5¢ Of , the ye . ses indicates t|
EA superscript epsilon (e) indicates an editorial change since the last revision gr reapproval. s the year o p

reapprova

These methods have been approved for use by agencies of the Depariment of Defense and for lisiing in the DoD Index

Specifications and Standards.

1. Scope

.1 These laboratory compaction methods
cover the determination of the relationship be-
tween the moisture content and density of soils
and soil-aggregate mixtures (Note 1) when
compacted in a mold of a given size with a 10-
1b (4.54-kg) rammer dropped from a height of
18 in. (457 mm) (Note 2). Four alternative
procedures are provided as follows:

1.1.1 Method A—A 4-in. (101.6-mm) mold;
material passing a No. 4 (4.75-mm) sieve;

1.1.2 Method B—A 6-in. (152.4-mm) mold;
material passing a No. 4 (4.75-mm) sieve;

1.1.3 Method C—A 6-in. (152.4-mm) mold;
material passing a %-in. (19.0-mm) sieve; and

1.1.4 Method D—A 6-in. (152.4-mm) mold;
material passing a %-in. (19.0-mm) sieve, cor-
rected by replacement for material retained on
a Y-in. sieve.

Note 1—Soils and soil-aggregate mixtures should
be regarded as natural occurring fine- or coarse-
grained soils or composites or mixtures of natural
soils, or mixtures of natural and processed soils or
aggregates such as silt, gravel, or crushed rock.

OTE 2—These laboratory compaction test meth-
ods when used on soils and soil-aggregates which are
not free-draining will, in most cases, establish a well-
defined optimum moisture content and maximum
dqnsuy (see Section 7). However, for free-draining
soils and soil-aggregate mixtures, these methods will
not, in many cases, produce a well-defined moisture-
density refationship and the maximum density ob-
tained will generally be less than that obtained by
vibratory methods.

1.2 The method to be used should be indi-
cated in the specifications for the material being
tested. If no method is specified, the provisions
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ag@bich can be sccurely locked together to form
Al cylinder meceting the requirements of this
tion. The molds may also be the “taper”
pe. providing the internal diameter taper is
piorm and is not more than 0.200 in./lincar
(16.7 mmy/lincar m) of mold height. Each
old shall have a basc plate assembly and an
Mension collar assembly, both made of rigid
getal and constructed so they can be securely
gached to or detached from the mold. The
gasion collar assembly shall have a height
gading above the top of the mold of at least
o. (50 mm) which may include an upper
tion that flares out to form a funnel provid-
hg there is at least a %-in. (19-mm) straight
plindrical section beneath it.
1.1 Mold. 4.0 in. (101.6 mm) in diamce-
e, having a capacity of ‘30 = 0.0004 ftt (944
t11 ecm*) and conforming to Fig. 1.
';3.1.2 Mold. 6.0 in. (152.4 mm) in diame-
Ber, having a capacity of iy = 0.0009 it
RI24 = 25 cm?) and conforming to Fig. 2.
p3.1.3 The average internal  diameter,
ight, and volume of cach mold shall be
letermined before initial use and at intersals
Bt exceeding 1000 times the mold is filled.
Mhe mold volume shall be caleulated from the
perage of at least six internal diameter and
ree height measurcments made to the near-
gt 0.001 in. (0.02 mm). or from the amount
water required to completely fill the mold,
prrected for temperature variance in accord-
ace with Table 1. If the average internal
ameter and volume are not within the tol-
mances shown in Figs. | or 2, the mold shall
Bot be used. The determined volume shall be
Bsed in computing the required densities.
N3.2 Rammer —The rammer may be cither
anually operated (see 3.2.1) or mechani-
jally operated (see 3.2.2). The rammer shall
Ml freely through a distance of 18.0 = '/1s in.
72 + 1.6 mm) from the surface of the
ecimen. The manufactured weight of the
ammer shall be 10.00 = 0.02 ib (4.54 =
901 kg). The specimen contact face shall be

§
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of Section 5 shall govern.

2. Applicable Documents

2.1 ASTM Standards:
C 127 Test Method for Specific Gravity an
Absorption of Coarse Aggregate® ,
D854 Test Method for Specific Gravity o
Soils®
D 2168 Methods for Calibration of Laboyy
tory Mechanical-Rammer Soil Compay
tors
D2216 Method for Laboratory Determinagil
tion of Water (Moisture) Content of So
Rock, and Soil-Aggregate Mixtures® o
D 2487 Test Method for Classification of]
Soils for Engineering Purposes® ;
D 2488 Practice for Description and Identi
cation of Soils (Visual-Manual Procedure)s
E 11 Specification for Wire-Cloth Sicves fg
Testing Purposes* ;

3. Apparatus

3.1 Molds —The molds shall be cylindrig
in shape, made of rigid metal and be withy
the capacity and dimensions indicated in 3.13
or 3.1.2. The molds may be the ““split” typed
consisting either of two half-round scctiong
or a section of pipe sphit along one clemen !

N

3.2.1 Manual Rammer—The specimen
ontact face shall be circular with a diameter
i 2.000 = 0.005 in. (50.80 = 0.13 mm).
Mhe rammer shall be equipped with a guide-
ve which shall provide sufficient clearance
o that the free fall of the rammer shaft and
ead will not be restricted. The guidesleeve

! These methods are under the jurisdiction of ASTM Cos
mittee D-18 on Soil and Rock.

Current edition approved April 27, 1978. Published July}
1978. Originally published as D 1557 - 58 T. Last previ
edition D 1557 - 70.

? Annual Book of ASTM Standards, Vol 04.02.

3 Annual Book of ASTM Standards, Vol 04.08. 4

* Annual Book of ASTM Standards, Vols 04.01, 04.02, 04§
05.05, and 14.02,

("8 ( 1 |

shall have four vent holes at each end (eight
holes total) located with centers 314 £ e in.
(19.0 = 1.6 mm) from each end and spaced
90 deg apart. The minimum diameter of the
vent holes shall be ¥ in. (9.5 mm).

3.2.2 Mechanical Rammer —The rammer
shall operate mechanically in such a manner
as to provide uniform and complete coverage
of the specimen surface. There shall be 0.10
+ 0.03 in. (2.5 = 0.8 mm) clearance between
the rammer and the inside surface of the mold
at its smallest diameter. When used with the
4.0-in. (101.6-mm) mold. the specimen con-
tact face shall be circular with a diameter of
2.000 = 0.005 in. (50.80 = 0.13 mm). When
used with the 6.0-in. (152.4-mm) mold, the
specimen contact face shall have the shape of
a section of a circle of a radius equal to 2.90
+ .02 in. (73.7 = 0.5 mm). The scctor face
rammer shall operate in such a manner that
the vertex of the sector is positioned at the
center of the specimen. The mechanical ram-
mer shall be calibrated and adjusted, as nec-
essary. in accordance with 3.2.3.

3.2.3 Calibration and Adjustment —The
mechanical rammer shall be calibrated, and
adjusted as necessary, before initial use; near
the end of each period during which the mold
was filled 1000 times: before reuse after any-
thing. including repairs, which may affect the
test results significantly: and whenever the
test results are questionable. Each calibration
and adjustment shall be in accordance with
Methods D2168.

3.3 Sample Extruder (optional)—A jack,
frame, or other device adapted for the purpose
of extruding compacted specimens from the
mold.

3.4 Balances — A balance or scale of at
least 20-kg capacity sensitive to x1 g and a
balance of at least 1000-g capacity sensitive
o x0.01 g.

3.5 Drying Oven, thermostatically-con-
trolled, preferably of the forced-draft type,
capable of maintaining a temperature of 230
+ 9°F (110 = 5°C) for determining the mois-
ture content of the compacted specimen.

3.6 Straightedge — A stiff metal straight-
edge of any convenient length but not less
than 10 in. (254 mm). The scraping edge shall
have a straightness tolerance of +0.005 in.
(z0.13 mm) and shall be beveled if it is
thicker then /s in. (3 mm).

281




| A T T

3.7 Sieves, 3-in. (75-mm), %-in. (19.0-mm),
and No. 4 (4.75-mm), conforming to the re-
quirements of Specification E 11.

3.8 Muwing  Tools —Miscelluncous  tools
such as mixing pan, spoon, trowel. spatula,
ete., or a suitable mechanical deviee for thor-
oughly mixing the sample of soil with incre-
ments of water.

4. Procedure

4.1 .Specimen Preparation—Select a repre-
sentative portion of quantity adequate to pro-
vide, after sieving, an amount of material weigh-
ing as follows: Methods A—25 1b (11 kg); Meth-
ods B, C, and D—50 1b (23 kg). Prepare speci-
mens in accordance with either 4.1.1 through
4.1.30r4.14.

4_. L.l Dry Preparation Procedure—If the sam-
ple is too damp 1o be friable, reduce the moisture
content by drying until the material is friable; see
4.l..2. Drying may be in air or by the use of a
drying apparatus such that the temperature of
the sample does not exceed 140°F (60°C). After
drying (if required), thoroughly break up the
gggregations in such a manner as to avoid reduc-
ing the natural size of the particles. Pass the
material through the specified sieve as follows:
Methods A and B—No. 4 (4.75-mm); Methods
C and D—Ys-in. (19.0-mm). Correct for oversize
material in accordance with Section 5, if Method
D is specified.

4.1.2 Whenever practicable, soils classified as
ML, CL, OL, GC, SC, MH, CH, OH and PT by
Test Method D 2487 shall be prepared in accord-
ance with 4.1.4,

4.1.3 Prepare a series of at least four speci-
mens by adding increasing amounts of water to
each sample so that the moisture contents vary
by approximately 1%z %. The moisture contents
selected shall bracket the optimum moisture con-
tent, thus providing specimens which, when com-
pacted, will increase in mass to the maximum
density and then decrease in density (see 7.2 and
7.3). Thoroughly mix each specimen to ensure
even distribution of moisture throughout and
then place in a separate covered container and
al!ow to stand prior to compaction in accordance
with Table 2. For the purpose of selecting a
standing time, it is not required to perform the

actual classification procedures described in Test
Method D 2487 (except in the case of referee

IR

("o ( ( (

testing), if previous data exist which provide a

basis for classifying the sample.

4.1.4 Moist Preparation Method—The fob:
lowing alternate procedure is recommended for:
soils classified as ML, CL, OL, GC, SC, MH,’
CH, OH and PT by Test Method D 2487. Wit
out previously drying the sample, pass it through’
the %s-in. (19.0-mm) and No. 4 (4.75-mm) sieves.*

Cor;ect for‘oversize matenal in accordance with
Section 5, if Method D is specified. Prepare a

series of at least four specimens having moisture’
contents that vary by approximately 12 %. The'
moisture contents selected shall bracket the op-‘
limum moisture content, thus providing spet
mens which, when compacted, will increase in*
mass to the maximum density and then decreast®

in.dcnsity (see 7.2 and 7.3). To obtain the appro-
priate moisture content of each specimen, the
addition of a predetermined amount of watef
(see 4.1.3) or the removal of a predetermined
amount of moisture by drying may be necessary.
Drying may be in air or by the use of a drying
apparatus such that the temperature of the spec-
imen does not exceed 140°F (60°C). The prepared
specimens shall then be thoroughly mixed and
stand, as specified in 4.1.3 and Table 2, prior to
compaction.

_NoTe 3 —With practice, it is usually possible to
visually judge the point of optimum moisture’
closely enough so that the prepared specimens will
bracket the point of optimum moisture content.

4.2 Specimen  Compuction —~Scelect  the
proper compaction mold, in accordance with
the method being used, and attach the mold
c‘ixlcnsion collur. Compact each specimen in
five layers of approximately cqual height,
Each layer shall receive 23 blows in the case
of the 4-in. (101.6-mm) mold: each layer shall
receive 36 blows in the casc of the 6-in.
(132 .4-mm) mold. The total amount of ma-
terial used shall be such that the Tifth com
pacted layer is shghtly above the top of the
mold, but not cxceeding /4 in. (6 mm),
During compaction the mold shall rest on a
uniform rigid foundation. such as provided by
a cylinder or cube of concrete weighing not
less than 200 1b (91 kg).

4.2.1 In operating the manual rammer,
care shall be taken to avoid rebound of the
rammer from the top end of the guidesleeve.

( ( ! ro

Be puidesleeve shall be held steady and
whin 5 dep of the vertical. The blows shall
k applicd at a umform rate not exceeding
groximately 1.4 s per blow and in such a
unner as to provide complete and unitorm
werage of the specimen surfuce.

422 Mold Sizes—The mold size used shall
k as follows: Method A, 4-in. (101.6-mm);
Methods B, C, and D 6-in. (152.4-mm).

42.3 Following compaction. remove the
atension collar: carefully trim the compacted
gecimen cven with the top of the mold by
means of the straightedge and determine the
azss of the specimen. Divide the mass of the
ompacted specimen and mold. minus the
mss of the mold. by the volume of the mold
fee 3.1.3). Record the result as the wet
knsity, ym. in pounds per cubic foot (or
tlograms per cubic metre) of the compacted
gecimen.

4.2.4 Remove the material from the mold.
Determine moisture content in accordance
with Mcthod D 2216, using cither the whole
wompacted specimen or alternatively a repre-
gntative specimen of the whole specimen.
The whole specimen must be used when the
grmeability of the compacted specimen s
high enough so that the moisture content is
ot distributed uniformly throughout. It the
whole specimen is used, break it up 1o facili-
ute drying. Obtain the representative speci-
men by slicing the compacted specimen axially
through the center and removing 100 to 500
gof material from one ol the cut faces.

4.2.5 Repeat 4.2 through 4.2.4 for cach
specimen prepared.

5. Oversize Corrections

5.1 1f 30 % or more ol the sample s
etained on a Ya-in. (19.0-mm) sieve. then
gone of the methods described under these
methods shall be used for the determination
of either maximum density or optimum mois-
ture content.

§.2 Methods A und B —"The maternial re-
wined on the No. 4 (4.75-mm) sicve is dis-
arded and no oversize correction 1y made.
However. it s recommended that it the
amount of material retained is 7 % or greater.
Method C be used instead.

5.3 Method € = The matenial retaned on
the Ya-in. (19.0-mm) sicve s discarded and
no oversize correction s made. However.al

| l I \

the amount of material retained is 10 % or
greater. it is recommended that Method D be
used instead.

5.4 Method D:

5.4.1 This method shall not be used unless
the amount of material retained on the ¥a-in.
(19.0-mm) sieve is 10 % or greater. When
the amount of material retained on the /4-in.
sieve is less than 10 %, use Method C.

5.4.2 Puss the material retained on the */s- |
in. (19.0-mm) sieve through a 3-in. or 75-mm
sicve. Discard the material retained on the 3-
in. sieve. The material passing the 3-in. sieve
and retained on the %as-in. sieve shall be
replaced with an equal amount of material
passing a *a-in. sieve and retained on a No. 4
(4.75-mm) sicve. The material for replace-
ment shall be taken from an unused portion
of the sample.

6. Calculations
6.1 Calculate the moisture content and the
dry density of each compacted specimen as
follows:
w = [(A - B)/(B - ()] x 100

and
Ya = [7 wf(w + 100)] x 100 |

where

w = moisture content in percent of the com-
pacted specimens,

A = mass of contained and moist specimen,

B = mass of container and oven-dried spec-
imen,

C = mass of container,

ya = dry density, in pounds per cubic foot (or
kilograms per cubic metre) of the com-
pacted specimen, and

ym = wet density, in pounds per cubic foot (or

kilograms per cubic metre) of the com-
pacted specimen.

7. Moisture-Density Relationship

7.1 From the data obtained in 6.1, piot the
dry density values as ordinates with corre-
sponding moisture contents as abscissas. Draw
a smooth curve connecting the plotted points.
Also draw a curve termed the “curve of com-
plete saturation” or “‘zero air voids curve” on
this plot. This curve represents the relationship
between dry density and corresponding mois-
ture contents when the voids are completely |
filled with water. Values of dry density and
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corresponding moisture contents for plotting
the curve of complete saturation can be com-
puted using the following equation:

wa = [(62.4/y ) - (1/G )] x 100

where:

Wy = moisture content in percent for com-
plete saturation,

ya = dry density in pounds per cubic foot (or
kilograms per cubic metre),

G, = specific gravity of the matenial being
tested (see Note 4), and

62.4 = density of water in pounds per cubic
foot (or kilograms per cubic metre).

NOTE 4—The specific gravity of the material can
cither be assumed or based on the weighted average
values of: (a) the specific gravity of the material passing
the No. 4 (4.75-mm) sieve in accordance with Test
Mecthod D 854; and (b) the apparent specific gravity of
the matenal retained on the No. 4 (4.75-mm) sieve in
accordance with Test Method C 127.

7.2 Optimum Moisture Content, w,—The
moisture content corresponding to the peak of
the curve drawn as directed in 7.1 shall be
termed the “optimum moisture content.”

7.3 Maximum Density , Ymax ~The dry den-
sity in pounds per cubic foot (or kilograms per
cubic metre) of the sample at “optimum mois-
ture content” shall be termed “maximum
density.”

8. Report
8.1 The report shall include the following:

TABLE 1 Volume of Water per Gram based on
Temperature!

Temperature, °C CF) Volume of Water, ml/g

( ( ( ( (
D 1557

8.1.1 Mcthod used (Mcthod A, B, C, or
D).

8.1.2 Optimum moisture content.

8.1.3 Maximum density.

8.1.4 Description of rammer  (whether
manual or mechanical).

8.1.5 Description of appearance of mate-
rial used in test, based on Practice D 2488 (Test
Method D 2487 may be used as an alternative).

8.1.6 Origin of material used in test.

8.1.7 Preparation procedure used (moist
or dry).

9. Precision

9.1 Criteria for judging the acceptability of
the maximum density and optimum moisture
content test results are given in Table 3. The
standard deviation s is calculated from the
equation:

1 - o
.\’="—_—i-§|:(x—x)

where:

n = number of determinations;
x = individual value of each determination;
and
X = numerical average of the determinations.
9.2 Criteria for assigning standard devia-
tion values for single-operator precision are
not available at the present time.

TABLE 2 Dry Preparution Method — Standing Times

Classification D 2487~ Minimum Standing Time,

12 (53.6) 1.00048
14(57.2) 1.00073
16 (60.8) 1.00103
18 (64.4) 1.00138
20 (68.0) 1.00177
22(71.6) 1.00221
24 (75.2) 1.00268
26 (78.8) 1.00320
28 (82.4) 1.00375
30 (86.0) 1.00435
32(89.6) 1.00497

“ Values other than shown may be obtained by referring
to the /Handbook of Chemistry and Physics, Chemical Rub-
ber Publishing Co., Cleveland, OH.

no requirement

GW. GP. SW. SP

GM, SM k
ML, CL, OL. GC, SC 18

MH.CH, OH, PT 36

{ { { | ( ( [ : i
b p1ss7 !
TABLE 3 Precision TABLE 4 Metric Equivalents for Figs. 1 and 2
— ‘ mm
Acceptable R o
. . Range of Two 041
bu'nd.‘,"d Results, Ex- 066
Devia- pressed as 08
tion, 3 Percent of 08
Mean Value! 18
;J;operMor precision: s g ;
Maximum densily It 57
imum moisture content . 12.7
Multilaboratory precision: a0 15.9
Maximum density +1.66 |5‘0 159
Optimum moisture content +0.86 . 63.5 i
A This column indicates a limiting range of values which 1016 ‘
should not be cxceeded by the difference between any two 108.0 |
fesults, expressed as o pereentage of the average value. l: 1143 |
cooperative test programs it has been determined that 95 % 11643
of the tests do nat exceed the limiting acceplable ranges o
shown below. All values shown in this table are based on 1651
average test results from a variety of different soils and are 2032
- a2
subject to future revision. . — "
ST 944
11
2124
25
4%" D.
\ May be welded
NE EXTENSION
N 2 hlaaih by
g €
g g e
q E| o
N i 1 P
NHE . Retiove this joint : As alternate construction, extension
N AL '. may be held down with ear - TYDe
5 : clamp, similar 1o those used on mokd
3/8" — L ;

4%’ D.
18 -T—~ -
40" 10016 D. e
/ [39) :
% /
4 This volume to be ; 1/8" D. with 4 - 48 thd. Project 1716 to form
1730 % 0.0004 cu 1t : catch for extension clamp. Place thres 1200
May be welded C / spart (Not req’d if ear - type clamp used)
@ %
fé 5
e /
1/4" D. stud vle / Ear - type clamp
7, ] 7
— / %
- = / 10-32 x 3/8" long 4
% flathead screw Vv — 174"
HRA Y / - A e
§ : > —11/32"
b vz % 1/32°
vz

: ]

Note 1—The tolerance on the height is govern
Note 2--The methods shown for attaching
recommended. However, other met

hods are acceptable, providing the anachments are equal

[ lerances.
d by the allowable volume and diameter 10|
ehe eyxlcnsion collar 1o the mold and the mold to the base plate are

lly as rigid as those shown.

FIG. 1 Cylindrical Mold, 4.0-in. for Soil Tests (see Table 4 for metric equivalents).
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g This volume to be E 180 with 4. 481nd. Pr g
oject 1/16"
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Noik | — The tolerance on the height is governed by the allowable yotume and diumeter tolerances.
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Nott 2 —The methods shown for attaching the extension collar to the mold and the mold to the base plate are
recommended. However, other methods are acceptable, providing the attachments are equally as rigid as those shown.

FIG. 2 Cylindrical Mold, 6.0-in. for Soil Tests (see Table 4 for metric equivalents).

The American Sociely Jor Testing and Materials takes no position respecting the validity of any patent rights asserted i
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and ]
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q Designation: D 1558 - 84

Standard Test Method for

MOISTURE CONTENT PENETRATION RESISTANCE
RELATIONSHIPS OF FINE-GRAINED SOILS'

This standard is issued under the fixed designation D 1558; the number immediately following the designation indicates the year of
wiginal adoption or, in the casc of revision, the year of last revision. A number in parcntheses indicates the year of last reapproval.
Asuperscript epsilon (¢) indicates an editonal change since the last revision or reapproval.

1. Scope

{.1 This test method is for establishing the
noisture-penetration resistance relationships of
fine-grained soils as determined by the soil pen-
rometer.

1.2 The values stated in inch-pound units are
1o be regarded as the standard.

3 This standard may involve hazardous ma-
ierials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
iy of whoever uses this standard to consult and
wiablish appropriate safety and health practices
and determine the applicability of regulatory limi-
lations prior o use.

2. Applicable Documents

2.1 ASTM Standards:

D698 Test Methods for Moisture-Density Re-
lations of Soils and Soil-Aggregate Mixtures,
Using 5.5-1b (2.49-kg) Rammer and 12-in.
(305-mm) Drop?

D2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil, Rock,
and Soil-Aggregate Mixtures’

E 380 Metric Practice’

3. Significance and Use

3.1 This test method is used with Methods A
and B of Test Methods D 698 to develop rela-
tionships between moisture content, density, and
penetration resistance. These relationships are
wed with a previously prepared family of mois-
ture-penetration curves as a rapid field test to
determine the approximate amount of moisture
in the soil.

NOTE |—When a penetration-resistance measure-
ment of material in place is compared at a given mois-
ture content with penetration-density curves p
at a specified compactive cffort, an approximate check
of compaction (density) may be obtained.

3.2 Penetration resistance determinations are
not reliable for very dry molded soil specimens
or very granular soils.

4. Apparatus

4.1 Moisture-Density Apparatus, conforming
to the requirements prescribed in Test Methods
D 698.

4.2 Soil Penetrometer—A soil penetrometer
(Fig. 1) consisting of a special spring dynamom-
eter with pressurc-indicating scale on the stem of
the handle. The pressure scale shall be graduated
to 90 1b in 2-Ib divisions with a line encircling
the stem at each 10-1b interval, or graduated to
40 kg in 1-kg divisions with a line encircling the
stem at each S-kg interval. A sliding ring on the
stem shall indicate the maximum pressure ob-
tained in the test.

4.3 Set of Penetromeler Needles—Each pene-
trometer needle (Fig. 1) shall consist of a shank
with a head of known end area. The set of
interchangeable needles shall include the sizes
given in Table |. The needle shank shall have
graduations inscribed at intervals of Y2 in. (10

' This test method is under the jurisdiction of ASTM Com-
mitiee D-18 on Soil and Rock and is the direct responsibility of
Subcommittec D18.08 on Special and Construction Control
Tests.

Current edition approved May 25, 1984. Published July
1984. Originally published as D 1558 - $8. Last previous edition
D 1558 - 71 (1977).

2 Annual Book of ASTM Standards, Vol 04.08.

) 4nnual Book of ASTM Standards, Vol 14.02. Excerpts in
all volumes.
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the same as those described previously for each test.

6. PERMEABILITY TEST WITH PRESSURE CHAMBER. In the perme-
ability test with a pressure chamber, see Figure 7, a cylindrical specimen
is confined in a rubber membrane and subjected to an external hydrostatic
pressure during the permeability test. The advantages of this type of

test are: (a) leakage along the sides of the specimen, which would occur
if the specimen were tested in a permeameter, is prevented, and (b) the
specimen can be tested under conditions of loading expected in the field.
The test is applicable primarily to cohesive soils in the undisturbed,

reinolded, or compacted state, Complete saturation of the specimen, if it

is not fully saturated initially, is practically impossible. Consequently,
this test should be used only for soils that are fully saturated, unless
values of permeability are purposely desired for soils in an unsaturated

condition. The permeability test with the pressure chamber is usually

performed as a falling-head test,

The permeability specimens for use in the pressure chamber generally
should be 2.8 in. in diameter, as rubber membranes and equipment for '.
cutting and trimmming specimens of this size are available for triaxial
testing apparatus (see Appendix X, TRIAXIAL COMPRESSION TESTS). A
specimen length of about 4 in. is adequate. (The dimensions of a test
specimen may be varied if equipment and supplies are available to make

a suitable test setup.) The pressure in the chamber should not be less

than the maximum head on the specimen during the test. The other test

"

procedure and computations are the same as those described for the

falling-head test. The linear relation between permeability and void ratio
on a semilogarithmic plot as shown in Figure 6 is usually not applicable 1
to fine-grained soils, particularly when compacted. Other methods of 73
presenting permeability-void ratio data may be desirable, ‘;g
7. PERMEABILITY TESTS WITH BACK PRESSURE,
2. Description. Gas bubbles in the pores of a compacted or un-
disturbed specimen of fine-grained soil will invalidate the results of the Fi
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permeability tests described in the preceding paragraphs. It is known
that an increase in pressure will cause a reduction in volume of gas bub-
bles and also an increased weight of gas dissolved in water. To each de-
gree of saturation there corresponds a certain additional pressure (back
pressure) which, if applied to the pore fluid of the specimen, will cause
complete saturation. The permeability test with back pressure is per-
formed in a pressure chamber such as that shown in Figure 8, utilizing
equipment that permits increasing the chamber pressure and pore pres-
sure simultaneously, maintaining their difference constant. The method
is generally applicable to fine-grained soils that are not fully saturated.
Apparatus and procedures have been described by A. Casagrandetf and
L. Bjerrum and J. Huder.}

b. Procedure (see Fig. 8). The procedure shall consist of the

following steps:

(1) After having determined the dimensions and wet weight
of the test specimen, place it in the triaxial apparatus, using the same
procedure as for setting up a specimen for an R triaxial test with pore
pressure measurements except that filter strips should not be used
(see para 7, APPENDIX X, TRIAXIAL COMPRESSION TESTS).

(2) Saturate the specimen and verify 100 percent saturation
using the procedure described in paragraph 7b, APPENDIX X, TRIAXIAL
COMPRESSION TESTS. Burette *'A’’ is utilized during this operation.

(3) With the drainage valves closed, increase the chamber

T Casagrande, A., *'Third Progress Report on Investigation of Stress
Deformation and Strength Characteristics of Compacted Clays,’’ Soil
Mechanics Series No. 70, Nov 1963, Harvard University, Cambridge,
Mass., pp 30 and 31.

1 Bjerrum, L. and Huder, J., '"Measurement of the Permeability of
Compacted Clays,’’ Proceedings, Fourth International Conference on
Soil Mechanics and Foundation Engineering, London, Vol 1,

Aug 1957, pp 6-8.
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pressure to attain the desired effective consolidation pressure (chamber
pressure minus back pressure). At zero elapsed time, open valves E
and F.

(4) Record time, dial indicator reading, and burette reading
at elapsed times of 0, 15, and 30 sec, 1, 2, 4, 8, and 15 min, and 1, 2, 4,
and 8 hr, etc. Plot the dial indicator readings and burette readings on an
arithmetic scale versus elapsed time on a log scale. When the consoli-
dation curves indicate that primary consolidation is complete, close
valves E and F.

(5) Apply a pressure to burette B greater than that in
burette A. The difference between the pressures in burettes B and A
is equal to the head loss h; h divided by the height of the specimen after
consolidation, L, is the hydraulic gradient. The difference between the
two pressures should be kept as small as practicable, consistent with the
requirement that the rate of flow be large enough to make accurate
measurements of the quantity of flow within a reasonable period of time.
Because the difference in the two pressures may be very small in com-
parison to the pressures at the ends of the specimen, and because the
head loss must be maintained constant throughout the test, the difference
between the pressures within the burettes must be measured accurately;
a differential pressure gage is very useful for this purpose. The dif-
ference between the elevations of the water within the burettes should
also be considered (1 in. of water = 0.036 psi of pressure).

(6) Open valves D and F. Record the burette readings at any
zero elapsed time. Make readings of burettes A and B and of temperature
at various elapsed times (the interval between successive readings de-
pends upon the permeability of the soil and the dimensions of the speci-
men). Plot arithmetically the change in readings of both burettes versus
time. Continue making readings until the two curves become parallel
and straight over a sufficient length of time to accurately determine the

rate of flow (slope of the curves).
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(7) If it is desired to determine the permeability at several
void ratios, steps 3 through 6 can be repeated, using different consolida-
tion pressures in step 3.

(8) At the end of the permeability determinations, close all
drainage valves and reduce the chamber pressure to zero; disassemble
the apparatus.

(9) Determine the wet and dry weights of the specimen.

c. Computations. The computations consist of the following

steps.

(1) Compute the test void ratios as outlined in para-
graph 33(1).

(2) Computations of coefficients of permeability are the
same as those described for the constant-head permeability test.
8. PERMEABILITY TESTS WITH CONSOLIDOMETER. A perme-
ability test in a consolidometer (see Appendix VIII, CONSOLIDATION
TEST) is essentially similar to that conducted in a pressure chamber,
except that the specimen is placed within a relatively rigid ring and is
loaded vertically. The test can be used as an alternate to the perme-
ability test in the pressure chamber. The test is applicable primarily
to cohesive soils in a fully saturated condition. Testing is usually per-
formed under falling-head conditions.

A schematic diagram of the consolidation apparatus set up for a
falling-head permeability test is shown in Figure 9. Identifying informa-
tion for the specimen and subsequent test data are entered on a data sheet
(Plate VII-3 is a suggested form). The specimen should be placed in the
specimen ring and the apparatus assembled as outlined under Appen-

dix VIII, CONSOLIDATION TEST. The specimen is consolidated under
the desired load and the falling-head test is performed as previously

described. The
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to those used in the R test), apply 3-psi chamber pressure to the speci-
men with all drainage valves closed. Allow a minimum of 30 min for
stabilization of the specimen pore water pressure, measure AH, and
begin back-pressure procedures as given in paragraphs 7b(2) through
79(5). After verification of saturation, and remeasurement of AH, close
all drainage lines leading to the back pressure and pore water measure-
ment apparatus. Holding the maximum applied back pressure constant,
increase the chamber pressure until the difference between the chamber
pressure and the back pressure equals the desired effective confining
pressure (see paragraph 5a(5)). Then proceed as outlined in paragraphs
5a(6) through 5a(11).

7. R TEST. All specimens must be completely saturated before appli-
cation of the deviator stress in the R test. A degree of saturation over
98 percent can be considered to represent a condition of essentially com-
plete saturation; if pore water pressures are to be measured during shear,

however, the specimens must be 100 percent saturated. Computations of
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the degree of saturation based on changes of volume and water content
are often imprecise, so complete saturation of a specimen should be
assumed only when an increase of the chamber fluid pressure will cause
an immediate and equal increase of pressure in the pore water of the
specimen. In general, it is preferable to saturate the soil after the speci-
mens have been prepared, encased in membranes, and placed within the
compression chamber, using back pressure. A back pressure is an
artificial increase of the pore water pressure which will increase the
degree of saturation of a specimen by forcing pockets of air into solution
in the pore water. The back pressure is applied to the pore water simul-

taneously with an equal increase of the chamber pressure so that the

effective stress acting on the soil skeleton is not changed. In other words,

the pressure differential across the membrane remains constant during
the back pressure saturation phase. Thus, when the back pressure is in-
creased sufficiently slowly to avoid an excessive pressure differential
within the specimen itself, the degree of saturation will be increased
while the volume of the specimen is maintained essentially constant.
Figure 15 gives the back pressure theoretically required to produce a
desired increase in saturation if there is no change in specimen vol-
ume. It is important to note thét the relation shown in Figure 15 is
based on an assumption that the water entering the specimen contains

no dissolved air.

3. Apparatus. In addition to the apparatus described in para-
graphs 3a through 3g, the following equipment are necessary for R tests
utilizing back pressure for saturation:

(1) Air reservoir and regulator for controlling the back
pressure, similar to those used to control the chamber pressure.

(2) Bourdon gage attached to the back pressure reservoir to
measure the applied back pressure. As relatively large back pressures
and chamber pressures are sometimes required, it is essential that these

two pressures be measured accurately to insure that the precise
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Figure 15. Back pressure required to attain various
degrees of saturation
difference between them is known. A differential pressure gage?! will
permit this difference to be measured directly.
(3) Calibrated burette or standpipe capable of measuring
volume changes to within 0.1 cc for 1.4-in.-diameter specimens, 0.5 cc
for 2.8-in.~-diameter specimens, and 1 cc for 6-in.-diameter specimens.

This burette is connected in the back pressure line leading to the top of

' John Lowe, III, and Thaddeus C. Johnson, ‘*Use of back pressure to in-
crease degree of saturation of triaxial test specimens,’”’ ASCE Research
Conference on Shear Strength of Cohesive Soils, University of Colorado
(Boulder, Colo., June 1960),
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the specimen to measure the volume of water added to the specimen dur-
ing saturation and volume changes of the specimen during consolidation,
If the water added to the specimen becomes saturated with air, a higher
back pressure will be required than that given in Figure 15. Therefore,
precautions should be taken to minimize aeration of the saturation water
by reducing the area of the air-water interface or by separating the air
and water with a rolling rubber diaphragm.t A relatively long (over
6-foot) length of thick-walled, small-bore tubing between the burette and
the specimen will also reduce the amount of air entering the specimen.
Adequate safety precuations should be taken against breakage of the burette
under high pressures.

(4) Electrical pressure transducer or no-flow indicator with
which the pressure of the pore water at the bottom of the specimen can be
measured without allowing a significant flow of water frorn the specimen.
This is an extremely difficult measurement to make since even a minute
flow of water will reduce the pressure in the pore water; yet the measuring
device must be sensitive enough to detect small changes in pressure.
Electrical pressure transducers, while relatively expensive, offer almost
complete protection against flow, are simple to operate, and lend them-
selves to the automatic recording of test data. Several types of manually
balanced pressure-measuring systems employing a no-flow indicator are

being used successfully,] though a full discussion of their relative merits

T H. B. Seed, J. K. Mitchell, and C. K. Chan, **The strength of compacted
cohesive soils,”” ASCE Research Conference on Shear Strength of Cohe-
sive Soils, University of Colorado (Boulder, Colo., June 1960).

1 Bishop and Henkel, op. cit., pp. 52-63, 206-207.

A, Andersen, L. Bjerrum, E. DiBiagio, and B. Kjaernsli, Triaxial
Equipment Developed at the Norwegian Geotechnical Institute, Publica-
tion No. 21, Norwegian Geotechnical Institute (Oslo, 1957).

A. Casagrande and R. C. Hirschfeld, First Progress Report on Investi-
gation of Stress-Deformation and Strength Characteristics of Compacted
Clays, Soil Mechanics Series No. 61, Harvard University {Cambridge,
Mass., May 1960).
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nor form a continnous path between the base and the cap. Place saturated
filter paper disks having the same diameter as that of the specimen be-
tween the specimen and the base and cap; these disks will also facilitate r»
moval of the specimen after the test. The drainage lines and the porous
inserts should be completely saturated with deaired water. The drainage
lines should be as short as possible and made of thick-walled, small-bore
tubing to insure minimum elastic changes in volume due to changes in
pressure. Valves in the drainage lines (valves E, F, and G in Figure 16)
should preferably be of a type which will cause no discernible change of
internal volime when operated (such as the Teflon-packed ball valve made
by the Whitey Research Tool Co.). While mounting the specimen in the
compression chamber, care should be exercised to avoid entrapping ‘any
air beneath the membrane or between the specimen and the base and cap.

(2) Estimate the magnitude of the required back pressure by
reference to Figure 15 or other theoretical relations. Specimens should
be completely saturated before any appreciable consolidation is per-
mitted, for ease and uniformity of saturation as well as to allow volume
changes during consolidation to be measured with the burette; there-
fore, the difference between the chamber pressure and the back pres-
sure should not exceed 5 psi during the saturation phase. To insure that
a specimen is not prestressed during the saturation phase, the back pres-
sure must be applied in small increments, with adequate time between
increments to permit equalization of pore water pressure throughout the
specimen.

(3) With all valves closed, adjust the pressure regulators to
a chamber pressure of about 7 psi and a back pressure of about 2 psi. '
Record these pressures on the data sheet (Plate X-4). Now open valve A
to apply the preset pressure to the chamber fluid and simultaneously
open valve F to apply the back pressure through the specimen cap. Im-
mediately open valve G and read and record the pore pressure at the

specimen base, When the measured pore pressure becomes essentially
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constant, close valves F and Gt and record the burette reading.

(4) Using the technique described in step (3), increase the
chamber pressure and the back pressure in increments, maintaining the
back pressure at about 5 psi less than the chambher pressure. The size of
each increment might be 5, 10, or even 20 psi, depending on the compres-
sibility of the scil specimen and the magnitude of the desired consolidation
pressure, Open valve G and measure the pore pressure at the base im-
mediately upon application of each increment of back pressure and observe
the pore pressure until it becomes essentially constant. The time requirer
for stabilization of the pore pressure may range from a few minutes to
several hours depending on the permeability of the soil. Continue adding
increments of chamber pressure and back pressure until, under auy incre -
ment, the pore pressure reading equals the applied back pressure im-
mediately upon opening valve G.

(5) Verify the completeness of saturation by closing valve ¥
and increasing the chamber pressure by about 5 psi. The specimen shall
not be considered completely saturated unless the increase in pore pres-
sure immediately equals the increase in chamber pressure.

(6) When the specimen is completely saturated, hold the max-
imum applied back pressure constant and increase the chamber pressure
until the difference between the chamber pressure and the back pressure
equals the desired consolidation pressure. Open valve F and permit the
specimen to consolidate (or swell) under the consolidation pressure.
Valve E may be opened to allow drainage from both ends of the specimen.
At increasing intervals of elapsed time (0.1, 0.2, 0.5, 1, 2, 4, 8, 15, and
30 min, 1, 2, 4, and 8 hr, etc.), observe and record (Plate X-5) the burette
readings and, if practicable, the dial indicator readings (it may be neces-

sary to force the piston dowr‘x into contact with the specimen cap for each

T If an electrical pressure transducer is used to measure the pore pres-
sure, valve G may be safely left open during the entire saturation
procedure.
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feading). Plot the burette readings (and dial indicator readings, if taken)
versus the logarithm of elapsed time, as shown in Figure 5 of Appendix
VIII, CONSOLIDATION TEST. Allow consolidation to continue until a

marked reduction in slope of the curve shows that 100 percent primary

consolidation has been achieved,

{(7) Close valve G, unless pore pressure measurements are
to be made during shear, and valves E and F, and proceed according to
paragraphs 5a(6) through 5a(10), except use a rate of strain for the R
test of about 0.5 percent per minute (for plastic materials) and about
0.3 percent per minute or less for brittle materials that achieve a maxi-
mum deviator stress at about 3 to 6 percent strain; the strain rate used
should result in a time to maximum deviator stress of approximately
30 min. Relatively pervious soils may be sheared in 15 min. These
rates of strain do not permit equalization of induced pore pressure
throughout the specimen and are too high to allow satisfactory pore pres-
sure measurements to be made at the specimen ends during shear.f
Therefore, these rates of strain are applicable only to R tests in which
no pore pressure measurements are made during shear. Where pore
pressure measurements are made at the ends of the specimens as in R
tests, the time to reach maximum deviator stress should generally be at
least 120 min; considerably longer time may be required for materials
of low permeability. For brittle soils (i.e., those in which the maximum
deviator stress is reached at 6 percent axial strain or less), after the
maximum deviator stress has been clearly defined, the rate of strain
may be increased so that the remainder of the test is completed in the
same length of time as that taken to reach maximum deviator stress,
However, for each group of tests in a given test program, at least
20 percent of the samples should be tested to final axial strain at rates
of strain outlined in the first sentence of this paragraph,

c. Computations. The computations shall consist of the follow-
ing steps:

(1) From the observed data, compute and record on the data

sheet (Plate X-1) the initial water content, volume of solids, initial void

T Bishop and Henkel, op. cit., pp. 192-204.
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ratio, initial degree of saturation, and initial dry density, using the formu-

las previously presented.
(2) Compute the cross-sectional area of the specimen after

completion of consolidation according to the formula:t
H - 24H/

Area of specimen after consolidation, Ac , sqcm = Ao =
o

or if the specimen is or has been completely saturated during the test, use

the more accurate formula:

. . . a
Area of specimen after consolidation, A , sq cm =
c H - AH
o o
where Vo = initial volume of specimen, cc
Va = initial volume of air in specimen, cc = Vo - Vs - Vw

VO - Vs - VW = initial volume of specimen minus volume of solids minus
initial volume of water

AVW = change in volume of water in the specimen during the sat-
uration and consolidation phases of the test, cc. This
value may be computed from the change in weight of the
specimen before and after the test or from the burette
readings from the start of saturation on to the end of

consolidation
Ho = initial height of specimen, cm
AI—IO = change in height of specimen during consolidation, cm

(3) Using the computed dimensions of the specimen after con-
solidation and assuming that the water content after consolidation is the
same as the final water content, compute the void ratio and degree of satu-
ration using formulas previously presented.

(4) Compute and record on the data sheet (Plate X-2) the
axial strain, the corrected area, and the deviator stress at each increment

of strain, using the following formulas:

t This formula is based on the assumption that axial and radial strains
are equal during consolidation.
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Axial strain, ¢ = aH
H
c
A
Corrected area of specimen, A , sSq cm =
corr 1 -¢
. P
Deviator stress, tons per sq ft = ——— X 0.465
corr

where H
c

P

height of specimen after consolidation, cm = Ho - AH

net applied axial load, l1b (see paragraph 5b(2))
(5) Record the time to failure on the data sheet (Plate X-2).
{6) Correct the maximum deviator stress, if necessary, for
the effect of membrane restraint (see paragraph 5b(4)).

d. Presentation of Results. The results of the R test shall be

presented on the report form shown as Plate X-3, as described in para-
graph 5c. A sketch of each specimen after failure should be shown above
the Mohr circles. If pore pressure measurements were made during

shear, plot the induced pore pressure versus axial strain for each speci-

men below the stress-strain curves. The procedures below should be fol-

lowed in drawing strength envelopes:

(1) Undisturbed specimens. For undisturbed specimens,
strength envelopes should be drawn tangent to the Mohr circles as shown
in Figures 17a and 47b.

(2) Compacted specimens. For compacted specimens,
strength envelopes should be drawn through points on the Mohr circles
representing stresses on the failure plane as shown in Figure 17c.

8. S TEST. The S test using triaxial equipment, as a rule, shall
be performed only with relatively pervious soils. The consolidation
of triaxial specimens of relatively impervious soils proceeds so slowly

that the time required to complete an S triaxial test inhibits its use in
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X-39




{ { { {
q "9 Designation: D 2216 - 80

Standard Method for

LABORATORY DETERMINATION OF WATER (MOISTURE)
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE

MIXTURES'

This standard is issued under the fixed designation D 2216; the number immediately following the designation indicates the
\car of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
wapproval. A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This method covers the laboratory deter-
mination of the water (moisture) content of
wil, rock, and soil-aggregate mixtures by
weight. For simplicity, the word “material”
hereinafter refers to either soil, rock, or soil-
aggregate mixtures, whichever is most applica-
ble.

1.2 The water content of a material is de-
fined as the ratio, expressed as a percentage, of
the mass of “pore” or “free” water in a given
mass of material to the mass of the solid ma-
terial particles.

1.3 This method does not give true repre-
sentative results for: materials containing sig-
nificant amounts of halloysite, montmorillon-
ite, or gypsum minerals; highly organic soils;
or, materials in which the pore water contains
dissolved solids (such as salt in the case of
marine deposits). For a material of the previ-
ously mentioned types, a modified method of
testing or data calculation may be established
10 give results consistent with the purpose of
the test.

2. Summary of Method

2.1 The practical application in determining
the water content of a material is to determine
the mass of water removed by drying the moist
material (test specimen) to a constant mass in
a drying oven controlled at 110 + 5°C and to
use this value as the mass of water in the test
specimen. The mass of material remaining after
oven-drying is used as the mass of the solid
particles.

3. Significance and Use

3.1 For many soil types, the water content is
onec of the most significant index properties
used in establishing a correlation between soil
behavior and an index property.

3.2 The water content of a soil is used in
almost every cquation expressing the phase
relationships of air, water, and solids in a given
volume of material.

3.3 In fine-grained (cohesive) soils, the con-
sistency of a given soil type depends on its
water content. The water content of a soil,
along with its liquid and plastic limit, is used to
express its relative consistency or liquidity in-
dex.

3.4 The term “water” as used in geotechnical
engineering, is typically assumed to be *“pore”
or “free” water and not that which is hydrated
to the mineral surfaces. Therefore, the water
content of materials containing significant
amounts of hydrated water at in-situ tempera-
tures or less than 110°C can be misleading.

3.5 The term “solid particles” as used in
geotechnical engineering, is typically assumed
to mean naturally occurring mineral particles
that are not readily soluble in water. Therefore,
the water content of materials containing extra-
neous matter (such as cement, etc), water-sol-
uble matter (such as salt) and highly organic

! This method is under the jurisdiction of ASTM Com-
mittee D-18 on Soil and Rock and is the direct responsibility
of Subcommittee D18.03 on Texture, Plasticity and Density
Characteristics of Soils.

Current edition approved May 30, [980. Published July
1980. Originally published as D 2216-63 T. Last previous
edition D 2216 - 71.
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matter typically require special treatment or a
qualified definition of water content.

4. Apparatus

4.1 Drying Oven, thermostatically-con-
trolled, preferably of the forced-draft type, and
maintaining a uniform temperature of 110 +
5°C throughout the drying chamber.

4.2 Balances, having a precision (repeatabil-
ity) of +0.01 g for specimens having a mass of
200 g or less, +0.1 g for specimens having a
mass of between 200 and 1000 g, or £ 1 g for
specimens having a mass greater than 1000 g.

4.3 Specimen Containers—Suitable con-
tainers made of material resistant to corrosion
and a change in mass upon repeated heating,
cooling, and cleaning. Containers with close-
fitting lids shall be used for testing specimens
having a mass of less than about 200 g; while
for specimens having a mass greater than about
200 g, containers without lids may be used
(Note 1). One container is needed for each
water content determination.

Note I—The purpose of close-fitting lids is to
preveat loss of moisture from specimens before initial

weighing and to prevent absorption of moisture from
the atmosphere following drying and before final

weighing.

4.4 Desiccator—A desiccator of suitable size
(a convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
is only recommended for use when containers
having close-fitting lids are not used. See 7.4.1.

5. Samples

5.1 Keep the samples that are stored prior to
testing in noncorrodible airtight containers at
a temperature between approximately 3 and
30°C and in an area that prevents direct contact
with sunlight.

5.2 The water content determination should
be done as soon as practicable after sampling,
especially if potentially corrodible containers
(such as steel thin-walled tubes, paint cans, etc.)
or sample bags arc used.

6. Test Specimen

6.1 For water contents being determined in
conjunction with another ASTM method, the
method of specimen selection specified in that
method controls.

0220 l ( [
6.2 The manner in which the test sp -.,,«_.‘
is selected and its required mass is basica§l
dependent on the purpose (application) of ‘;\’
test, type of material being tested, and the tygil
of sample (specimen from another test, be}
tube, split-barrel, etc.). In all cases, howeverll
representative portion of the total sample sha
be selected. If a layered soil or more than

oughly mixed. The mass of moist material §&
lected shall be in accordance with the follown

About 10 % of Sample g
2.0 mm (No. 10) sieve 100 to 200 Y

4.75 mm (No. 4) sieve 30010 500 ¥}
19 mm 500 to 1000 . -,
38 mm 1500 t0 3000 3
76 mm 5000 10 10 000

ing procedure:
6.2.2.1 For cohesionless soils, thoroughly

mm of material from the exposed periphery
the sample and slice it in half (to check if the
material is layered) prior to selecting the &:
specimen. If the soil is layered sece 6.2. The,
mass of moist material selected should not'b&t
less than 25 g or should be in accordance wd’ha
the table in 6.2.1 if coarse-grained particles &€
noted. (Note 2). ‘d.
6.3 Using a test specimen smaller than the
minimum mass indicated previously requu'é‘s
discretion, though it may be adequate for the;
purpose of the test. A specimen having a mass
less than the previously indicated value shall’
be noted in the report of the results. .

NoTe 2—In many cases, when working wilhs'a‘
small sample containing a relatively large coarse-
grained particle, it is appropriate not to include this
particle in the test specimen. If this occurs, it should
be noted in the report of the results. 1

1. Procedure

7.1 Select representative test specimens in
accordance with Section 6._ ‘

7.2 Place the moist specimen in a clean, dl_'y
container of known mass (Note- 3), set the lid
«ecurely in position, and determine the mass of
(he container and moist material using an ap-
p,opriate balance (4.2). Record these valugs.

7.3 Remove the lid and place the container
with moist material in a drying oven main-
.ained at 110 £ 5°C and dry to a constant mass
(Notes 4, 5, and 6).

Note 3—To assist in the oven-drying of large test
specimens, they should be placed in containers hav-
g a large surface arca (such as pans) and the
material broken up into smaller aggregations.

Note 4-The ume required to obtain constant
mass will vary depending on the type of material,
size of s%um' cn, oven type and capacity, and other
{actors. The influence of these factors gencrally can
pe established by good judgment, and cxpenience
with the materials being tested and the apparatus
being used. In most cases, drying a test specimen over
night (about 16 h) is sufficient. In cases where there
s doubt concerning the adequacy of drying, drying
<hould be continued until the mass after two sucoes-
sive periods (greater than % h) of drying indicate an
mnsignificant change (less than about 0.1 %). Speci-
mens of sand may often be dried to constant mass in
a period of about 4 b, when a forced-draft oven is

usc:lorﬁ 5—Oven-drying at 110 £ 5°C does not
always result in water content values related to the
intended use or the basic definition es| lly for
materials containing gypsum ot other minerals hav-
ing significant amounts of hydrated water or for soil
containing a significant amount of organic material.
In many cases, and depending on the intended use
for these types of matcrials, it might be more appli-
cable to matntain the drying oven at 60 + 5°C or use
2 vacuum desiccator at a vacuum of approximately
133 Pa (10 mm Hg) and at a tempcrature ranging
between 23 and 60°C for drying. If cither of these
drying methods are used, it should be noted in the
report of the results. i

NoTe 6—Since some dry materials may a.bsorb
moisture from moist specimens, dricd specimens
should be removed before placing moist specumens
in the oven. However, this requirement is not appli-
cable if the previously dried specimens will remain
in the drying oven for an additional time period of
about 16 h.

7.4 After the material has dried to constant
mass remove the container from the oven and
replace the lid. Allow the material and con-
tainer to cool to room temperature or until the
container can be handled comfortably with

DI [ ( ! |
bare hands and the operation of the balance
will not be affected by convection curreats.
Determinc the mass of the container and oven-
dricd material using the same balance as used
in 7.2. Record this value.

7.4.1 If the container does not have a lid,
weigh the container and material right af}cr
their temperatures arc such that the operation
of the balance will not be affected by convec-
tion currents or after cooling in a desiccator.

Note 7—Cooling in a desiccator is recommended
since it prevents absorption of moisture from the
atmosphere during cooling.

8. Calculation
8.1 Calculate the water content of the ma-
terial as follows:

W'
w = (W) — W2)/(We — W)} X 100 ==X 100

where:

w = water content, %,

W, = mass of container and moist specimen,

W, = glass of container and oven-dried spec-
imen, g,

W, = mass of container, g,

W. = mass of water, g, and

W, = mass of solid particles, g.

9. Report

9.1 The report (data sheet) shall include the
following: )

9.1.1 Identification of the sample (material)
being tested, by boring number, sample num-
ber, test number, etc.

9.1.2 Water content of the specimen to the
nearest 0.1 % or 1 %, depending on the purposc
of the test. )

9.1.3 Indication of test specimen having a
mass less than the minimum indicated in Sec-
tion 6. .

9.1.4 Indication of test specimen containing
more than one soil type (layered, etc). .

9.1.5 Indication of the method of drying if
different from oven-drying at 110 + 5°C.

9.1.6 Indication of any material (size and
amount) excluded from the test specimen.
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10. Precision and Accuracy curacy of this test method have not yet
10.1 Requirements for the precision and ac- developed.

connection with any ilem mentioned in this standard. Users of this standard are expressly advised thas deter
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

The American Society for Testing and Materials 1akes no position respecting the validity of any paent nghu ;

This standard is subject to revision at any time by the r ible technical ¢ ittee and must be reviewed every five

and if not revised, either reapproved or withdrawn. Your comments are invited either - for revision of this slandard or j’or additiona)’’
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consid g of the

technical committee, which you may attend. If you feel that your comments have not received a fair Iwanng you :Inuu}
make your views known 1o the ASTM Commiltee on Standards, 1916 Race St., Philadelphia, Pa. 19103. -8
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qﬂn’ Designation: D 854 - 83

Standard Test Method for

SPECIFIC GRAVITY OF SOILS®

This standand is issued under the fixed dcsugnauon D 854; the number nmmechatcly following the designation indicates ug R

original ndopnon or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapne
A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval. '

1. Scope

1.1 This test method covers determination of
the specific gravity of soils by means of a pyc-
nometer. When the soil is composed of particles
larger than the No. 4 (4.75-mm) sieve, the
method outlined in Test Method C 127 shall be
followed. When the soil is composed of particles
both larger and smaller than the No. 4 sieve, the
sample shall be separated on the No. 4 sieve and
the appropriate test method used on each por-
tion. The specific gravity value for the soil shall
be the weighted average of the two values (Note
1). When the specific gravity value is to be used
in caiculations in connection with the hydrome-
ter portion of Method D 422, it is intended that
the specific gravity test be made on that portion
of the soil which passes the No. 10 (2.00-mm)
sieve,

Nove 1—The weighted average specific gravity
should be calculated using the following equation:
P
R A
100G, 100G,

Gug =

where:

Gy = weighted average specific gravity of soils
composed of particles larger and smaller
than the No. 4 (4.75-mm) sieve,

R, = percent of soil particles retained on the
No. 4 sieve,

P, = percent of soil particles passing the No. 4
sieve,

G, = apparent specific gravity of soil particles
retained on the No. 4 sieve as determined
by Test Method C 127, and

G, = specific gravity of soil particles passing the

No. 4 sieve as determined by this test
method.

1.2 The values stated in acceptable mefy
units are to be regarded as the standard.
1.3 This standard may involve hazardous g

tations prior 10 use.

2. Applicable Documents »,\

2.1 ASTM Standards: °3
C 127 Test Method for Specific Gravnty
Absorption of Coarse Aggregate? 5

C 670 Practice for Preparing Precision
ments for Test Methods for Construc
Materials?

D 422 Method for Particle-Size Analysns
Soils* .

E 12 Definitions of Terms Relating to De;
and Specific Gravity of Solids, Liquids, and
Gases* '

3. Definition 3

3.1 specific gravity—the ratio of the mass ofa
unit volume of a material at a stated tempemm
19
to the mass in air of the same volume of gas-free
distilled water at a stated temperature (per
nitions E 12).

' This test method is under the jurisdiction of ASTM Ca

mittee D-18 on Soil and Rock and is the direct responsibility el
Subcommittee D18.03 on Texture, Plasticity, and Densty(r
actenistics of Soils.

Current edition approved Nov. 28, 1983. Published Jlnﬂ!
1984. Originally issued as D 854 - 45. Last previous edition
D 854 - 58 (1979).

? gnnual Book of ASTM Standards, Vol 04.02. ’.a

? Annual Book of ASTM Standards, Vol 04.08. <)

* Annual Book of ASTM Standards, Vol 15.05. oy
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4, Significance and Use

4.1 The specific gravity of a soil is used in
Jmost every equation expressing the phase rela-
Lonship of air, water, and solids in a given vol-
,me of material.

4.2 The term “solid particles,” as used in geo-
.chnical engineering, is typically assumed to
nean naturally occurring mineral particles that
je not very soluble in water. Therefore, the

ific gravity of materials containing extra-
cous matter (such as cement, lime, etc.), water-
oluble matter (such as sodium chlonde), and
Jils containing matter with a specific gravity of
s than one, typically require special treatment
o 2 qualified definition of specific gravity.

3. Apparatus

5.1 Pycnometer—Either a volumetric flask
naving a capacity of at least 100 mL or a stop-
wred bottle having a capacity of at least 50 mL
~ote 2). The stopper shall be of the same ma-
«erial as the bottle, and of such size and shape
that it can be easily inserted to a fixed depth in
the neck of the bottle, and shall have a small hole
shrough its center to permit the emission of air
and surplus water.

NoTe 2—The use of either the volumetric flask or
‘he stoppered bottle is a matter of individual preference,
-ut in general, the flask should be used when a larger
wmple than can be used in the stoppered bottle is
weded due 1o maximum grain size of the sample.

5.2 Balance—Either a balance sensitive to
101 g for use with the volumetric flask, or a
nalance sensitive 1o 0.001 g for use with the
doppered bottle.

6. Calibration of Pycnometer

6.1 The pycnometer shall be cleaned, dried,
acighed, and the weight recorded. The pycnom-
«ter shall be filled with distilled water (Note 3)
asentially at room temperature. The weight of
the pycnometer and water, W,, shall be deter-
mined and recorded. A thermometer shall be
mserted in the water and its temperature 7, de-
wrmined to the nearest whole degree.

Note 3—Kerosine is 2 better wetting agent than
«ater for most soils and may be used in place of distilled
«aler for oven-dried samples.

6.2 From the weight W, determined at the
ihserved temperature 7, a table of values of
sughts W, shall be prepared for a series of
‘emperatures that are flikely to prevail when

weights W, are determined later (Note 4). These
values of W, shall be calculated as follows:
W (a1 T))

= (density of water at T,/density of water at T)
X (Wdlat )~ W+ W,

where:

W, = weight of pycnometer and water, g,

W, = weight of pycnometer, g,

T; = observed temperature of water, * C, and
T. = any other desired temperature, *C.

Note 4—This method provides a procedure that is
most convenient for laboratorics making many deter-
minations with the same pycnometer. It is equally
applicable to a single determination. Bringing the pyc-
nometer and contents (o some designated temperature
when weights W, and W, are taken, requires consider-
able time. It is much more convenient to prepare a
table of weights W, for various temperatures likely to
prevail when weights W, are taken. It is important that
weights W, and W, be based on water at the same
temperature. Values for the refative density of water at
temperatures from 18 to 30°C are given in Table 1.

7. Sampling

7.1 The soil to be used in specific gravity test
may contain its natural moisture or be oven-
dried. The weight of the test sample on an oven-
dry basis shall be at least 25 g when the volumet-
ric flask is to be used, and at least 10 g when the
stoppered bottle is to be used.

7.2 Samples Containing Natural Moisture—
When the sample contains its natural moisture,
the weight of the soil, W,, on an oven-dry basis
shall be determined at the end of the test by
evaporating the water in an oven maintained at
230 £9°F (110 +5°C) (Note 5). Samples of clay
soils containing their natural moisture content
shall be dispersed in distilled water before placing
in the flask, using the dispersing equipment spec-
ified in Method D 422 (Note 6).

7.3 Oven-Dried Samples—When an oven-
dried sample is to be used, the sample shall be
dried for at least 12 h, or to constant weight, in
an oven maintained at 230 +9°F (110 £5°C)
(Note 5), cooled in a desiccator, and weighed
upon removal from the desiccator. The sample
shall then be soaked in distilled water for at least
12 h,

NoTe 5—Drying of certain soils at 110°C may bring
about loss of moisture of composition or hydration,
and in such cases drying shall be done, if desired, in
reduced air pressure and at a lower temperature.

Note 6—The minimum volume of slurry that can
be prepared by the dispersing equipment specified in
Method D 422 is such that a 500-mL flask is needed as
the pycnometer.




[ [ l
€h pesa . { (W D88l ( { [ |
8. Procedure The value based on water at 20°C sha TABLE | Relative Deasity of Water and Conversion Factor
i culated from the value based on water¥3 K For Variows Temperatures
‘ 8.1 Place the sample in the pycnometer, tak- bserved temperature T,, as follows: i Temperature.  Relative Density Correction
ing care not to lose any of the soil in case the © pe » “C of Watcr Factor K
weight of the sample has been determined. Add  Specific gravity, 720 C = X x soecific are’ 18 0.9986244 10004
distilled water to fill the volumetric flask about Speci "’B’Wy o 19 0.9984347 1.0002
three-fourths full or the stoppered bottle about  where: 3 20 0.9982343 1.0000
half full K= ber found by dividi A 24 0.9980233 0.9998
- i ) a number found by dividing the o 2 0.9978019 0.999%
8.2 Remove entrapped air by either of the density of water at temperature T 23 09975702 0.9993
following methods: (J) subject the contents to a relative density of water at 20°C. V; g; 3.3;33’17;3 g.g;
partial vacuum (air. pressure not exceeding IQO a range of temperatures are given inf S 2% 0.9968156 0.9986
mm Hg) or (2) boil gendy for at least 10 min {. : 27 0.9965451 0.9983
while occasionally rolling the pycnometer to as- 9.3 When it is desired to report the ‘g 28 0.9962652 0.991;(7)
sist in the removal of the air. Subject the contents  gravity value based on water at 4°C, gf gg g-g:z;‘;{‘) 3’3314
to reduced air pressure cither by connecting the  specific gravity value may be calculated by : ‘
pycnometer directly 1o an aspirator or vacuum tiplying the specific gravity value at tempee idity of " odi ) B
jar. i i ! i i s tmerican Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection N
p'ump, or by use 9“ a bell jar Some- soils bail 7, by the refative density of water at tem .I 'n :;'((m mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such ?
lentl N any
r'o l':tbyewmn SUbjmed to reduced air pressure. T—‘é Wi f th wt rights, and the risk of infringement of such rights. are entirely their own responsibility. '
t wi necessary in those cases to reduce the .4 When any portion of the original T .
air pressure at a slower rate or to use a larger  of'soil is eliminated in the preparation of s standard is subject 1o revision at any time by the responsible technical committee and mu.‘tll b;‘ revie:edz ;very }ive m(_ﬁ_ ami '
flask. Cool samples that a mple, the portion on which the ¢ 3 oy revised, either reapproved or withdrawn. Your comments are invited either for revision of 1 s standard or for additiona 4
! at arc heated to room  sampl hall b[;O o ed est .;.;.;::;\'and showdd be addressed (0 ASTM Headquarters. Your comments will receive careful conside ala 1g of the :
(C';';c':tll; mr‘l h distilled made shal reported. y " wable technical committee, which you may aitend. If wou feel that your comzne:‘lls ’lmvc not mi‘;‘;d a fair hearing you shouid by
. ill the pycnometer with disti water, - e vour views known to the ASTM Commitiee on Standards, 1916 Race St., Philadelphia, Pa. 19103.
clean the outside and dry with a clean, dry cloth. g, Precision and Bias 7
Determine the weight of the pycnometer and L Lo "
gh py 10.1 Criteria for judging the acceptabili

contents, W,, and the temperature in degrees
Celsius, T, of the contents as described in Sec-
tion 6.

specific gravity test results obtained by
method on material passing the No. 4 (4. 75~
sieve are given as follows (Note 8):

R s s

9. Calculation and Report
9.1 Calculate the specific gravity of the soil,

based on water at a temperature T, as follows: Rage
. , pe » Material and Type Index oandard, . ﬁ'.
Specific gravity, T,/T. = W/[W, + (W, — W,)] VIO (percemd
where Sinel N 3
_ . . ingle-operaior precision:
W, = wc!ght of sample of oven-dry §011, g Cohesive soils 0021
W, = weight of pycnometer filled with water at Noncohesive soils .
temperature T, (Note 7), g, Multilaboratory precision:
W, = weight of pycnometer filled with water Cohesive soils 0.056 °'.

. Noncohesive soils

and soil at temperature T,, g, and — ) i
= . These numbers represent, respectively, the (18]

7, temperature of the contents of the pyc Jimits a5 o Peactice C- 670, :

nometer when weight W, was deter- ?Criteria for assigning standard deviation values
mined, * C. cohesive soils are not available at the present time,

Nove 7—This value shall be taken from the table Note 8—The figures given in Column 2
of values of W,, prepared in accordance with 6.2, for  standard deviations that have been found to be
the temperature prevailing when weight W, was taken.  priate for the materials described in Column L
. . ] . figures given in Column 3 are the limits that shodl
9.2 Uniess otherwisc required, specific gravity  pot be exceeded by the difference between the renld
values reported shall be based on water at 20°C.  of two properly condycted tests.
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Standard Practice for

An American National Stang, .

SOIL INVESTIGATION AND SAMPLING BY AUGER

BORINGS'

This standard is issued under the fixed designation D 1452; the number immediatel

year of original adoption o, in th
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1. Scope

1.1 This practice covers equipment and pro-
cedures for the use of earth augers in shallow
geotechnical exploration. This practice does not
apply to sectional continuous flight augers.

2, Significance and Use

2.1 Auger borings often provide the simplest
method of soil investigation and sampling,
They may be used for any purpose where dis-
turbed samples can be used and are valuable in
connection with ground water level determi-
nation and indication of changes in strata and
advancement of hole for spoon and tube sam-
pling. Equipment required is simple and readily
available. Depths of auger investigations are,
however, limited by ground water conditions,
soil characteristics, and the equipment used.

3. Apparatus

3.1 Hand-Operated Augers.

3.1.1 Helical Augers—Small lightweight au-
gers generally available in sizes from 1 through
3 in. (25.4 through 76.2 mm).

.3.l.l.l Spiral-Type Auger, consisting of a flat
thin metal strip, machine twisted 10 a spiral
configuration of uniform pitch; having at one
end, a sharpened or hardened point, with a
means of autaching a shaft or extension at the
opposite end.

3.1.1.2 Ship-Type Auger—Similar to a car-
penter’s wood bit. It is generally forged from

steel and machined to the desired size and
configuration. It is normally provided with
sharpened and hardened nibs at the point end
and with an integral shaft extending through

y following the designation indicates i

€ case of revision, the year of last revision. A number i i
, Lhe y ; N in parentheses indicat
an editorial change since the last revision g: reapproval. reatesthe year ofia

it.s length for attachment of a handle or exter-
sion at the opposite end.

3.1.2 Open Tubular Augers, ranging in siz
from 1.5 through 8 in. (38.1 through 203.2 mm)
and having the common characteristic of zp
pearing essentially tubular when viewed from
the digging end.

3.1.2.1 Orchard-Barrel Type, consisting ¢
sentially of a tube having cutting lips or nibs
har@cncd and sharpened to penetrate the for-
mation on one end and an adaptor fitting for
an extension or handle on the opposite end.

3.1.2.2 Open-Spiral Type, consisting of a fla
thin metal strip that has becn helically wound
around a circular mandrel to form a spiral in
which the flat faces of the strip are parallel 1o
the axis of the augered hole. The lower helix
cdgc§ are hard-faced to improve wear charac
teristics. The opposite end is fitted with a8
adaptor for extension.

3.1.2.3 Closed-Spiral Type— Nearly identicd
to the open-spiral type except, the pitch of the
helically wound spiral is much less than that of
the open-spiral type.

3.1.3 Post-Hole Augers, generally 2 through
8 in. (50.8 through 203.2 mm), and having i"
common a means of blocking the escape of soil
from the auger.

3.1.3.1 Clam-Shell Type, consisting of W0

' This practice is under the jurisdiction of ASTM Co™
mittec D- 18 on Soil and Rock and is the direct responsibib®
of Subcommtice D 18.02 on Sampling and Related Field
Testing for Soil Investigations.

Current edition approved June 12, 1980. Published AY'
gust 1980. Originally published as D 1452 - 57 T. Last P«
vious edition D 1452 - 65 (1972). '
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: hinged to allow opening and closing for
Jemately digging and retrieving. It is not
gsable deeper than about 3.5 i (1.07 m).
23k3.2 Iwan Type, consisting of two tubular
segments, connected at the top to a com-
g member to form a nearly complete tube,
%ith diametrically opposed openings. It is
conpecied at the bottom by two radial blades
Giched to serve as cutters which also block the
;pe of contained soil. Attachment of handle
o extension is at the top connector.
§F26 Machine-Operated Augers.
%71 Helical Augers, generally 8 through 48
(2032 through 1219 mm), consisting essen-
AIgof a center shaft fitted with a shank or
Bet for application of power, and having one
ee complete 360° (6.28-rad) spirals for
: nce and storage of cut soil. Cutter bits
fi%&pilot bits arc available in moderate and
884 formation types and normally replaccable
giihe ficld. They are normally operated by
aVy-duty, high-torque machines, designed
¢avy construction work.
2 Stinger Augers, generally 6 through 30
$8(152.4 through 762 mm), are similar to the
Klical auger in 3.2.1, but lighter and generally
wmaller. They are commonly operated by light-
"machines for post and power pole holes.
23 Disk Augers, generally 10 through 30
254 through 762 mm), consisting essentially
2 flat, steel disk with diametrically opposed
.mcnts removed and having a shank or
tocket located centrally for application of
power. Replaccable cutter bits, located down-
xard from the leading edges of the remaining
disk, dig and load soil that is held on the disk
. valves or shutters hinged at the disk in order
loclose the removed segments. The disk auger
Bspecifically designed to be operated by ma-
chines having limited vertical clearance be-
tween spindle and ground surface.
#£32.4 Bucker Auger, generally 12 through 48
0.(304.8 through 1219 mm), consisting essen-
tially of a disk auger, without shank or socket,
bt hinge-mounted to the bottom of 2 steel
tube or bucket of approximately the same di-
meter as the disk auger. A socket or shank for
Power application is located in the top center
of the bucket diametral cross piece provided
for the purpose.
+33 Casing (when necded), consisting of pipe
of slightly larger diameter than the auger used.

I [ [ [
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3.4 Accessory Equipment—Labels, ficld log
sheets, sample jars, scaling wax, sample bags,
and other necessary tools and supplies.

4. Procedure

4.1 Make the auger boring by rotating and
advancing the desired distance into the soil.
Withdraw the auger from the hole and remove
the soil for examination and test. Return the
empty auger to the hole and repeat the proce-
dure. Continue the sequence until the required
depth is reached.

4.2 Casing is required in unstable soil in
which the bore hole fails to stay open and
especially when the boring is cxtended below
the ground-water level. The inside diameter of
the casing must be slightly larger than the
diameter of the auger used. The casing shall be
driven to a depth not greater than the top of
the next sample and shall be cleaned out by
means of the auger. The auger can then be
inserted into the bore hole and turncd below
the bottom of the casing to obtain a sample.

4.3 The soil auger can be used both for
boring the hole and for bringing up disturbed
samples of the soil encountered. The structure
of a cohesive soil is completely destroyed and
the moisture may be changed by the auger.
Scal all samples in a jar or other airtight con-
tainer and label appropriately. If more than
one type of soil is picked up in the sample,
prepare a scparate container for each type of
soil.

4.4 Field Observations—Record complete
ground water information in the ficld logs.
Where casing is used, measure ground water
levels, both before and afier the casing is pulled.

In sands, determine the water level at least 30
min afier the boring is completed; in silts, at
least 24 h. In clays, no accurate water level
determination is possible unless pervious seams
are present. As a precaution, however, water
levels in clays shall be taken after at least 24 h.

5. Report

5.1 The data obtained in boring shall be
recorded in the field logs and shall include the
following:

5.1.1 Date of start and completion of boring,

5.1.2 ldentifying number of boring,

5.1.3 Reference datum including direction




-
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and di§lancc of boring relative to reference line

of project or other suitable reference points,
5.1.4 Type and size of auger used in boring,
5.1.5 Depth of changes in strata,

5.1.6 Description of soil in each major stra-
tum,

The American Society for Testing and Materials 1akes no positi is '

4 ¢ 5itio. idi i :

connection with any item mentioned in this standard. Users of lhiJP:land:r::'r’::Tpie;’:l; mﬂ& l'{a’d{lm"‘ghu the e B
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5.1.7 Ground water elevation and locatioy
of seepage zones, when found, and

5.1.8 Condition of augered hole upop p. |
mo_val of auger, that is, whether the hole p,. |
mains open or the sides cave, when such ¢y [
be observed.
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d is issucd under the fixed designation D 1556; the number immediately following the dcsignalion indicates the
Briginal adoption or, in the case of revision, the year of last revision. A mumber in parcntheses indicates the year of last
* A superscript cpsilon (¢) indicates an editorial change since the last revision or reapproval.

h od has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

on 7.5.3 was changed editorially in December 1983.

method covers the determination of
ace density of soils.

ny soil or other material that can be
ed with hand tools can be tested pro-
¢ void or pore openings in the mass are
eiiough to prevent the sand used in the
m entering the natural voids. The soil or
material being tested should have suffi-
esion or particle attraction to maintain
abisides on a small hole or excavation. It
BildYals0 be firm enough to withstand the
ressures excried in digging the hole and
g the apparatus over it without deforming
oughing,

When the moisture content and dry den-
ie 1o be determined, this method is not to
in certain soils or materials as indicated
aphs 1.3 and 3.5 of Method D 2216.

LEAY licable Documents

RECASTM Standards:

136 Method for Sieve Analysis of Fine and

Coarse Aggregates’

AD653 Terms and Symbols Relating to Soil and

;NRock’

D698 Test Methods for Moisture-Density

pRelations of Soils and Soil-Aggregate Mix-

tures Using 5.5-1b (2.49-kg) Rammer and

#12-in. (305-mm) Drop®

.7‘91557 Test Methods for Moisture-Density

‘@ Relations of Soils and Soil-Aggregate Mix-

¥ itures Using 10-1b (4.54-kg) Rammer and

%:18-in. (457-mm) Drop’

D2049 Test Method for Relative Density of
Cohesionless Soils*
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D 2216 Method for Laboratory Determina-
tion of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures®

3. Siguificance and Use

3.1 This method is used widely to determine
the density of compacted soils used in the con-
struction of carth embankments, road fill, and
structure backfill. It is often used as the basis
of acceptance for soils compacted to a specified
density or percentage of a maximum density
determined by a standard test method.

3.2 This method can be used to determine
in-place density of natural soil deposits, aggre-
gates, soil mixtures, or other similar material.

3.3 The use of this method is generally lim-
ited to soil in an unsaturated condition. This
method is not recommended for soils that are
soft or friable (crumble casily) or in a moisture
condition such that water seeps into the hand-
excavated hole. The accuracy of the test may
be affected for soils that deform easily or that
may undergo a volume change in the excavated
hole from standing or walking near the hole
during the test.

4. Apparatus
4.1 Density Apparatus, consisting of the fol-
lowing:

' This method is under the jurisdiction of ASTM Commitiee
D-18 on Soil and Rock and is the direct responsibility of
Subcommittce D18.08 on Special and Construction Control
Tests.

Current edition approved Nov. 26, 1982. Published January
1983. Oniginally published as D 1556 - 58 T. Last previous edi-
tion D 1556 - 64 (1974).

2 snnual Bovk of ASTM Standards, Yol 04.02.

3 tnnual Book of ASTM Standards, Vol 04.08.

* Discontinued, see 1983 Annual Book of ASTAM Standurd).
Vol 04.08.
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This method has been approved for use by agencies of the Department of Defense and for lisiing in the DOD Index of Specification

and Standards.
1. Scope

1.1 This method describes the procedure, gen-
erally known as the Standard Penetration Test
(SPT), for driving a split-barrel sampler to obtain
a representative soil sample and a measure of the
resistance of the soil to penetration of the sam-
pler.

1.2 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior 1o use. For a specific precautionary
statement, see 5.4.1.

1.3 The values stated in inch-pound units are
10 be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

D 2487 Test Method for Classification of Soils
for Engineering Purposes’

D 2488 Practice for Description and Identifi-
cation of Soils (Visual-Manual Procedure)®

D4220 Practices for Preserving and Trans-
porting Soil Samples?

3. Descriptions of Terms Specific to This Stand-
ard

3.1 anvil—that portion of the drive-weight as-
sembly which the hammer strikes and through
which the hammer energy passes into the dnilt
rods.

3.2 cathead—ihe rotating drum or windlass
in the rope-cathead lift system around which the
operator wraps a rope to lift and drop the ham-

296

mer by successively tightening and loosening the '

rope turns around the drum.
3.3 drill rods—rods used to transmit dowr

ward force and torque to the drill bit while drill- S

ing a borehole. '
3.4 drive-weight assembly—a device consis:

ing of the hammer, hammer fall guide, the anvil §

and any hammer drop system.

3.5 hammer—that portion of the drive-weight |
assembly consisting of the 140 + 2 1b (6351 K

kg) impact weight which is successively lifted and
dropped to provide the energy that accomplishs
the sampling and penctration.

3.6 hammer drop system—that portion of the
drive-weight assembly by which the operator %
complishes the lifting and dropping of the han
mer to produce the blow.

3.7 hammer fall guide—that part of the drive
weight assembly used to guide the fall of the
hammer.

3.8 N-value—the blowcount rt:presenmtiont‘{r
the penetration resistance of the soil. The &
value, reported in blows per foot, equals the U
of the number of blows required to drive 1""
sampler over the depth interval of 6 to 181"
(150 to 450 mm) (see 7.3).

3.9 AN—the number of blows obtained fro"
each of the 6-in. (150-mm) intervals of sampiet
penetration (see 7.3).

3.10 number of rope turns—the total conta
angle between the rope and the cathead 3!

' This method is under the jurisdiction of ASTM ('umm'“‘:
D-18 on Soil and Rock and is the direct responsibiit? r‘"_
Subcommuttee D18.02 on Sampling and Related Field T
for Soil Investuigations. "

Current edition approved Sept. 11, 1984, Published N0
bor 1984 Originally published as D 1586 - 58 T. Last pres
cdiion D 1586 - 67 (1974).

2 Annseal Book of ASTA Standurds, Vol 04.08.

-ainning of the operator’s rope slackening to
op the hammer, divided by 360" (see Fig. 1).
11 sampling rods—rods that connect the
‘ggve-weight assembly to the sampler. Drill rods

4% often used for this purpose.
H.]2 SPT—abbreviation for Standard Pene-

P
|

Wtion Test, a term by which engineers com-
By refer to this method.

. _;: produce large shear strain disturbance in the

This method is used extensively in a great
/- of geotechnical exploration projects.
local correlations and widely published
tions which relate SPT blowcount, or N-
g’and the engineering behavior of earth-
ks and foundations are available,

clean open hole before insertion of the
and ensures that the penetration test is
rmed on undisturbed soil shall be accepta-
The following picces of equipment have
n to be suitable for advancing a borehole

6.5 in. (162 mm) and greater than 2.2 in.
) in diameter may be used in conjuction
n-hole rotary drilling or casing-advance-
 drilling methods. To avoid disturbance of
MRUnderlying soil, bottom discharge bits are not
itted; only side discharge bits are permitted.
1.2 Roller-Cone Bits, less than 6.5 in. (162
‘and greater than 2.2 in. (56 mm) in diam-
I'may be used in conjunction with open-hole
L) drilling or casing-advancement drilling
fhods if the drilling fluid discharge is deflected.
nl: ‘.3 Hollow-Stem Continuous Flight Augers,
Al or without a center bit assembly, may be
34 to drill the boring. The inside diameter of
&% hollow-stem augers shall be less than 6.5 in.
'(; ‘mm) and greater than 2.2 in. (56 mm).
,‘J‘l4 Solid, Continuous Flight, Bucket and
Hond Augers, lcss than 6.5 in. (162 mm) and
Water than 2.2 in. (56 mm) in diameter may be
*d if the soil on the side of the boring does not

*
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cave onto the sampler or sampling rods during
sampling.

5.2 Sampling Rods--Flush-joint steel dnll
rods shall be used to connect the split-barrel
sampler to the drive-weight assembly. The sam-
pling rod shall have a stiffness (moment of iner-
tia) equal to or greater than that of parallel wall
“A™ rod (a stecl rod which has an outside diam-
cter of 1% in. (41.2 mm) and an inside diameter
of 1'4 in. (28.5 mm).

Note 1—Recent rescarch and comparative testing
indicates the type rod used, with stiffness ranging from
“A" size rod 10 “N" size rod, will usually have a
negligible effect on the N-values to depths of at least
100 A (30 m).

5.3 Split-Barrel Sampler—The sampler shall
be constructed with the dimensions indicated in
Fig. 2. The driving shoe shall be of hardened steel
and shall be replaced or repaired when it becomes
dented or distorted. The use of liners 1o produce
a constant inside diameter of 1% in. (35 mm) is
permitted, but shall be noted on the penetration
record if used. The use of a sample retainer basket
is permitted, and should also be noted on the
penetration record if used.

NoTte 2—Both theory and available test data suggest

that N-values may increasc between 10 to 30 % when
liners are used.

5.4 Drive-Weight Assembly:

5.4.1 Hammer and Anvil—The hammer shall
weigh 140 = 2 Ib (63.5 £ 1 kg) and shall be a
solid rigid metallic mass. The hammer shail strike
the anvil and make steel on steel contact when it
is dropped. A hammer fall guide permitting a
free fall shall be used. Hammers used with the
cathead and rope method shall have an un-
impeded overlift capacity of at least 4 in. (100
mm). For safety reasons, the use of a hammer
assembly with an internal anvil is encouraged.

Note 3—It is suggested that the hammer fall guide

be permanently marked to enable the operator or in-
spector to judge the hammer drop height.

5.4.2 Hammer Drop System—Rope-cathead,
trip, semi-automatic, or automatic hammer drop
systems may be used, providing the lifting appa-
ratus will not cause penetration of the sampler
while re-engaging and hifting the hammer.

5.5 Accessory Equipment—Accessories such
as labels, sample containers, data sheets, and
groundwater level measuring devices shall be pro-
vided in accordance with the requirements of the
project and other ASTM standards.
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6. Drilling Procedure

6.1 The borning shall be advanced incremen-
tally to permit intermittent or continuous sam-
pling. Test intervals and locations are normally
stipulated by the project engincer or geologist.
Typically, the intervals sclected are 5 ft (1.5 mm)
or less in homogencous strata with test and sam-
pling locations at every change of strata.

6.2 Any drlling procedure that provides a
suitably clean and stable hole before insertion of
the sampler and assures that the penctration test
is performed on essentially undisturbed soil shall
be acceptable. Each of the following procedures
have proven to be acceptable for some subsurface
conditions. The subsurface conditions antici-
pated should be considered when selecting the
drilling method to be used.

6.2.1 Open-hole rotary drilling method.

6.2.2 Continuous flight hollow-stem auger
method.

6.2.3 Wash boring method.

6.2.4 Continuous flight solid auger method.

6.3 Several drilling methods produce unac-
ceptable borings. The process of jetting through
an open tube sampler and then sampling when
the desired depth is reached shall not be permit-
ted. The continuous flight solid auger method
shall not be used for advancing the boring below
a water table or below the upper confining bed
of a confined non-cohesive stratum that is under
artesian pressure. Casing may not be advanced
below the sampling elevation prior to sampling.
Advancing a boring with bottom discharge bits
is not permissible. It is not permissible to advance
the boring for subsequent insertion of the sam-
pler solely by means of previous sampling with
the SPT sampler.

6.4 The drilling fluid level within the boring
or hollow-stem augers shall be maintained at or
above the in situ groundwater level at all times
during drilling, removal of drill rods, and sam-

pling.

7. Sampling and Testing Procedure

7.1 After the boring has been advanced to the
desired sampling elevation and excessive cuttings
have been removed, prepare for the test with the
following sequence of operations.

7.1.1 Attach the split-barrel sampler to the
sampling rods and lower into the borehole. Do

not allow the sampler to drop onto the soil to be
sampled.

7.1.2 Position the hammer above and attach
the anvil 10 the top of the sampling rods. Thi
may be done before the sampling rods and sam.
pler are lowered into the borehole.

7.1.3 Rest the dead weight of the sampler,
rods, anvil, and drive weight on the bottom of
the boring and apply a scating blow. If excessive
cuttings are encountered at the bottom of the
boring, remove the sampler and sampling rods
from the boring and remove the cuttings.

7.1.4 Mark the drill rods in three successive
6-in. (0.15-m) increments so that the advance of
the sampler under the impact of the hammer cas
be casily observed for each 6-in. (0.15-m) incre-
ment.

7.2 Drive the sampler with blows from th
140-1b (63.5-kg) hammer and count the number
of blows applied in each 6-in. (0.15-m) increment
until one of the following occurs: .

7.2.1 A total of SO blows have been appiied
during any one of the three 6-in. (0.15-m) incre
ments described in 7.1.4.

7.2.2 A total of 100 blows have been applied

7.2.3 There is no observed advance of U
sampler during the application of 10 successw
blows of the hammer.

7.2.4 The sampler is advanced the compkit
18 in. (0.45 m) without the limiting blow counts
occurring as described in 7.2.1,7.2.2, or 7.23

7.3 Record the number of blows required 10
cffect each 6 in. (0.15 m) of penetration or fr&
tion thereof. The first 6 in. is considered to be?
seating drive. The sum of the number of blo¥
required for the second and third 6 in. of per®
tration is termed the “standard penetration
sistance™, or the “N-value™. If the sampler ¥
driven less than 18 in. (0.45 m), as permitted
7.2.1, 7.2.2, or 7.2.3, the number of blows '
each complete 6-in. (0.15-m) increment and P
each partial increment shall be recorded on L
boring log. For partial increments, the depth @
penetration shall be reported to the nearest | "I‘f
(25 mm), in addition to the number of blows
the sampler advances below the bottom of !
boring under the static weight of the drill rods":
the weight of the drill rods plus the static weig)!
of the hammer, this information should be a0*®
on the boring log. '

7.4 The raising and dropping of the 140
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<

$3.5-kg) hammer shall be accomplished using
Etficr of the following two methods:

7.4.1 By using a trip, automatic, or semi-au-
matic hammer drop system which lifts the 140-

¢ method is used the system and operation
l conform to the following:

2.1 The cathead shall be essentially free of
3t. oil, or grease and have a diameter in the

[ rope comes off the top (1% tumns) or the bottom

turns) of the cathead. It is generally known and
ed that 2% or more rope turns considerably
es the fall of the hammer and should not be used
the test. The cathead rope should be main-
in a relatively dry, clean, and unfrayed condition.

lift and drop shall be employed by the oper-
or. The operation of pulling and throwing the
Iope shall be performed rhythmically without
i’!ding the rope at the top of the stroke.

.5 Bring the sampler to the surface and open.
rd the percent recovery or the length of
ple recovered. Describe the soil samples re-
as to composition, color, stratification,
Moondition, then place one or more repre-
a‘;ﬁvc portions of the sample into sealable
R ure-proof containers (jars) without ram-
‘jﬂs or distorting any apparent stratification.
o each container to prevent evaporation of soil
Moisture. Affix labels to the containers bearing
B designation, boring number, sample depth,
"fllhc blow count per 6-in. (0.15-m) increment.
" the samples against extreme temperature
canges. If there is a soil change within the
Qmpler, make a jar for each stratum and note
ﬁlomtion in the sampler barrel.

.' Report

8.1 Drilling information shall be recorded in
field and shall include the following:
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8.1.1 Name and location of job,

8.1.2 Names of crew,

8.1.3 Type and make of drilling machine,

8.1.4 Weather conditions,

8.1.5 Date and time of start and finish of
bonng,

8.1.6 Boring number and location (station
and coordinates, if available and applicable),

8.1.7 Surface elevation, if available,

8.1.8 Method of advancing and cleaning the
boring,

8.1.9 Method of keeping boring open,

8.1.10 Depth of water surface and drilling
depth at the time of a noted loss of drilling fluid,
and time and date when reading or notation was
made,

8.1.11 Location of strata changes,

8.1.12 Size of casing, depth of cased portion
of boring,

8.1.13 Equipment and method of driving
sampler,

8.1.14 Type sampler and length and inside
diameter of barrel (note use of liners),

8.1.15 Size, type, and section length of the
sampling rods, and

8.1.16 Remarks.

8.2 Data obtained for each sample shall be
recorded in the field and shall include the follow-
ing:

8.2.1 Sample depth and, if utilized, the sample
number,

8.2.2 Description of soil,

8.2.3 Strata changes within sample,

8.2.4 Sampler penetration and
lengths, and

8.2.5 Number of blows per 6-in. (0.15-m) or
partial increment.

recovery

9. Precision and Bias

9.1 Variations in N-values of 100 % or more
have been observed when using different stand-
ard penctration test apparatus and drillers for
adjacent borings in the same soil formation. Cur-
rent opinion, based on field experience, indicates
that when using the same apparatus and driller,
N-values in the same soil can be reproduced with
a coeflicient of variation of about 10 %.

9.2 The use of faulty equipment, such as an
extremely massive or damaged anvil, a rusty
cathead, a low speed cathead, an old, oily rope,
or massive or poorly lubricated rope sheaves can
significantly contribute to differences in N-values
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The 14 in. (38 mm) inside diameter split barrel may be used with a 16-gage wall thickness split liner. The penetrating end of the drive shoe may be slightly rounded. Metal or plastic

re1ainers may be used 1o retain soil samples.
FIG. 2 Split-Barrel Sampler

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item memioned in 1his standard. Users of this siandard ore expressly advised that desermination of 1he validity of any such
pateni rights, and the risk of infringement of such rights, are entirely their own responsibility.

This siandard is subject to revision at any time by the responsible technical commitiee and musit be reviewed every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional
standards and should be addressed 10 ASTM Headquarters. Your comments will receive mrq‘ul comndemlon at @ meeting of the
responsible technical committee, which you may aitend. If you feel that your not received a fair hearing you should
make your views known 1o the ASTM Commiltee on Standards, 1916 Race S: Phlladelplua, Pa. 19103.
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Appendix D
FIELD SOIL TESTINGS

- Cone Pentrometer Sounding
- Field Density Test
- In Situ Density Test
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1. Scope

1.1 This test method covers the determination
of end bearing and side friction, the components
of penctration resistance which are developed
during the steady slow penetration of a pointed
rod into soil. This method is sometimes referred
to as the “Dutch Cone Test,” or “Cone Penetra-
tion Test™ and is ofien abbreviated as the “CPT.”

1.2 This test method includes the use of both
cone and friction-cone penetrometers, of both
the mechanical and electric types. It does not
include data interpretation. It also includes the
penetrometer aspects of piezocone soundings,
but does not include the details of piezometer
construction, location, measurement, or data in-
terpretation.

NoTe 1—The European Standard for the CPT uses
a tip of right cylindrical shape as shown in Fig. 3, as
their reference test against which other CPTs may be
compared. -

1.3 Mechanical penetrometers of the type de-
scribed in this method operate incrementally,
using a telescoping penetrometer tip, resulting in
no movement of the push rods during the mea-
surement of the resistance components. Design
constraints for mechanical penetrometers pre-
clude a complete separation of the end-bearing
and side-friction components. Electric penetrom-
eters are advanced continuously and permit sep-
arate measurement of both components. Differ-
ences in shape and method of advance between
cone penetrometer tips may result in significant
differences in one or both resistance components.

1.4 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport 10 address all of the safety prob-
lems associated with its use. It is the responsibil-
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an editorial change since the last revision or reapproval,

ity of the user of this standard to establish appro
priate safety and health practices and determin
the applicability of regulatory limitations prior o
use.

2. Definitions

2.1 cone—the cone-shaped point of the per
ctrometer tip, upon which the end-bearing resis-
ance develops.

2.2 cone penetrometer—an instrument in the
form of a cylindrical rod with a conical point
designed for penctrating soil and soft rock and
for measuring the end-bearing component of
penetration resistance.

2.3 cone resistance or end-bearing resistane.
q.—the resistance to penetration developed by
the cone, equal to the vertical foroe applied 10
the cone divided by its horizontally projected
area.

2.4 cone sounding—the entire series of pen:
tration tests performed at one location when
using a cone penetrometer.

2.5 electric penetrometer—a penetromeict
that uses electric-force transducers built into 2
nontclescoping penetrometer tip for measuring
within the tip, the component(s) of penetratio?
resistance.

2.6 friction-cone penetrometer—a cone penc
trometer with the additional capability of me#
suring the local side friction component of per
etration resistance.

* This test method is under the jurisdiction of ASTM CoF
mittee D-18 on Soil and Rock and is the direct responsibility
Subcommittce D18.02 on Sampling and Related Field Tesi
for Soil Investigations.

Current edition approved Oct. 31, 1986. Published Decemte’
1986. Originally published as D 3441 - 75 T. Last previous &'
tion D 3441 - 79.

L

3% friction-cone sounding—the entire series

ation tests performed at one location
ising a friction-cone penetrometer.

¥R friction ratio, Ry—the ratio of friction re-

10 cone resistance, £/, expressed in

on developed by the friction sleeve,
0 lhc vertical force applied to the sleeve
"i- its surface area. This resistance con-
the e sum of friction and adhesion.

ner rods—rods that slide inside the
‘to extend the tip of a mechanical

Jechanical penetrometer—a penetrom-
uses a set of inner rods to operate a
g penetrometer u'p and to transmit the

Melromeler up—lhe end section of the
pmeter, which comprises the active cle-
at sense the soil resistance, the cone, and
of the friction-cone penetrometer, the
eeve.

Manon tests performed at one location when
a piezocone penetrometer.

& S push rods—the thick-walled tubes, or
sultable rods, used for advancing the pen-
meter tip to the required test depth.

ificance and Use

3. f'lThis test method supplies data on the
wagineering properties of soil intended to help
lhe design and construction of earthworks
the foundations for structures.
%3 2. This test method tests the soil in place and
S not obtain soil samples. The interpretation
o the results from this method requires knowl-
%Of the types of soil penetrated. Engineers
ually obtain this soil information from parallel
ngs and soil sampling methods, but prior
?" mmlon or experience may preclude the need
Qe

-'—
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for borings.

3.3 Engineers often correlate the results of
tests by this test method with laboratory or other
types of field tests, or directly with performance.
The accuracy of such correlations will vary with
the type of soil involved. Engineers usually rely
on local experience 1o judge this accuracy.

3.4 Most engineers with offshore experience
have also found this test method suitable for
offshore use.

4. Apparatus

4.1 General:

4.1.1 Cone—The cone shall have a 60° (+5°)
point angle and a base diameter of 1.406 + 0.016
in. (35.7 £ 0.4 mm), resulting in a projected area
of 1.55 in.2 (10 cm?). The point of the cone shall
have a radius less than % in. (3 mm).

Note 2—Cone tips with larger end areas may be
used to increase measurement sensitivity in weak soils.
Experience with clectrical tips with end area between
0.78 in.3 (5 cm?) and 3.10 nn’(ZOcm’)hasshown that
they produce data similar to the 1.55 in.? (10 cm?)
standard provided they maintain the same tip geometry.
Cone tip sizes in this range may be used for special
circumstances provided the cone tip and friction sleeve
(if any) area is noted.

4.1.2 Friction Sleeve, having the same outside
diameter +0.024 to —0.000 in. (+0.5 10 —-0.0
mm) as the base diameter of the cone (see 4.1.1).
No other part of the penetrometer tip shall pro-
ject outside the sleeve diameter. The surface area
of the sleeve shall be 23.2 in.2 (150 cm?) +2 %.

4.1.3 Sieel—The cone and friction sleeve shall
be made from steel of a type and hardness suit-
able to resist wear due to abrasion by soil. The
friction sleeve shall have and maintain with use
a roughness of 20 pin. (0.5 um) AA, +50 %.

4.1.4 Push Rods—Made of suitable steel,
these rods must have a section adequate to sus-
tain, without buckling, the thrust required to
advance the penetrometer tip. They must have
an outside diameter not greater than the diameter
of the base of the cone for a length of at least 1.3
ft (0.4 m) above the base, or, in the case of the
friction-cone penetrometer, at least 1.0 ft (0.3 m)
above the top of the friction sleeve. Each push
rod must have the same, constant inside diame-
ter. They must screw or attach together to bear
against each other and form a rigid-jointed string
of rods with a continuous, straight axis.

4.1.5 Inner Rods—Mechanical penetrometers
require a separate set of steel, or other metal
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alloy, inner rods within the steel push rods. The
inner rods must have a constant outside diameter
with a roughness, excluding waviness, less than
10 gin. (0.25 pm) AA. They must have the same
length as the push rods (£0.004 in. or 0.1 mm)
and a cross section adequate to transmit the cone
resistance without buckling or other damage.
Clearance between inner rods and push rods shall
be between 0.020 and 0.040 in. (0.5 and 1.0 mm).
See 6.8.1.

4.1.6 Measurement Accuracy—Maintain the
thrust-measuring instrumentation to obtain
thrust measurements within +5 % of the correct
values.

NoTe 3—Special, and preferably redundant, instru-
mentation may be required in the offshore environment
1o assure this accuracy and the proper openuon of all
the remote systems involved. :

4.2 Mechanical Penetrometers:

4.2.1 The sliding mechanism necessary in a
mechanical penetrometer tip must allow a down-
ward movement of the cone in relation to the
push rods of at least 1.2 in. (30.5 mm).

NovE 4—At certain combinations of depth and tip
resistance(s), the elastic compression of the inner rods
may exceed the downward stroke that the thrust ma-
chine can apply to the inner rods relative to the push
rods. In this case, the tip will not extend and the thrust
readings will rise elastically to the end of the machine
stroke and then jump abruptly when the thrust machine
makes contact with the push rods.

4.2.2 Mechanical penctrometer tip design
shall include protection against soil entering the
sliding mechanism and affecting the resistance
component(s) (sec 4.2.3 and Note 5).

4.2.3 Cone Penetrometer—Figure |1 shows the
design and action of one mechanical cone pene-
trometer tip. A mantle of reduced diameter is
attached above the cone to minimize possible
soil contamination of the sliding mechanism.

Note 5—An unknown amount of side friction may

develop along this mantle and be included in the conc
resistance.

4.2.4 Friction-Cone Penetrometer—Figure 2
shows the design and action of one telescoping
mechanical friction-cone penetrometer tip. The
lower part of the tip, including a mantle to which
the cone attaches, advances first until the flange
engages the friction slecve and then both ad-
vance.

Note 6—The shoulder at the lower end of the fric-

uon sleeve cnoounters end-bearing resistance. In sands
as much as two thirds of the sleeve resistance may
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consist of bearing on this shouider. Ignore this effeey
soft to medium clays.

4.2.5 Measuring Equipment—Measure the
penetration resistance(s) at the surface by a suit.
able device such as a hydraulic or electric joag
cell or proving ring.

4.3 Electric Penetrometers:

4.3.1 Cone Penetrometer—Figure 3 show
onc design for an electric-cone penetrometer tip
The cone resistance is measured by means of 2
force transducer attached to the cone. An dectric
cable or other suitable system transmits the trans.
ducer signals to a data recording system. Electric-
cone penctrometers shall permit continuous ad-
vance and recording over cach push rod-length
interval.

4.3.2 Friction-Cone Penetrometer—The bo-
tom of the friction sleeve shall not be more tha
0.4 in. (10 mm) above the base of the cone. The
same requirements as 4.3.1 apply. Figure 4 shows
one design for an clectric friction-cone penetrom-
cter tip.

4.3.3 Other Penetrometers—Electric pene
trometers may include other transducer measure-
ments as well as, or instead of, the friction skeew
measurement. Common ones are inclinometers
to assist with the alignment control of the tip (¢
6.3) and piczometers to provide additional dais
on soil stratigraphy and behavior.

4.4 Thrust Machine—This machine shall pro
vide a continuous stroke, preferably over a di
tance greater than onc push rod length. Th
machine must advance the penctrometer tipat?
constant rate while the magnitude of the thnst
required fluctuates (see 5.1.2).

NoTeE 7—Deep penetration soundings usually ®
quire a thrust capability of at least $ tons (45 kKN). Mo*
modern machines use hydraulic pistons with 1010 »
ton (90 to 180-kN) thrust capability.

4.5 Reaction Equipment—The proper P
formance of the static-thrust machine requircs?
stable, static reaction.

NoTE 8—The type of reaction provided mayl“"“

the penetrometer resistance(s) measured, particulsrly
the surface or near-surface layers.

5. Procedure

5.1 General:

5.1.1 Set up the thrust machine for a thrsd
direction as near vertical as practical.

5.1.2 Rate of Penetration—Maintain a akd
depth penetration of 2 to 4 fi/min (10 1o 20 %

{ ( l r
@

«.( ,wbcn oblaining resistance data. Other
= ation may be used between tests.
-The rate of 2 fi/min (10 mm/s) provides
operator needs to read properly the resist-
when using the mechanical friction-cone
- The rate of 4 f/min (20 mm/s) is suita-
single resistance reading required when using
cone penetrometer and provides for the
ion of electric penctrometers. The Eu-
i d requires 4 fi/min (20 mm/s).

O—Ralu of penetration cither slower or
'the standard ratc may be used for special
tes, such as porc pressure measurements.
ble provided the rate actually used and
the deviation is noted on the test record.
1 [—Pore pressures generated ahead of and
penetraun; cone or friction cone penetrom-
htvemlmponamclfectonlheq,andj;
ed. Piczocone tips with simultancous
measurement capability have proven use-
uate such effects and to provide addi-
out the stratigraphy and engincering prop-
penctrated.
anical Penetrometers:

v Penetrometer—(1) Advance pen-
e ptolhcmqulredlcstdcpth by apply-
Ties tthrust on the push rods; and (2)
ficient thrust on the inner rods to ex-
netrometer tip (see Fig. 1). Obtain the
nce at a specific point (see 5.2.3)
downward movement of the inner
ive to the stationary push rods. Repeat
JApply sufficient thrust on the push rods
¢ the extended tip and advance it to a
depth. By continually repeating this two-
‘obtain cone resistance data at incre-
depth. This increment shall not ordi-
eed 8 in. (203 mm).
Fncuon—Cone Penetrometer—Use this
D as described in 5.2.1 but obtain
istances during the step (2) extension of
y see Figs. 2 and 5). First obtain the cone
Siince during the initial phase of the exten-
the lower part of the tip engages and
the friction sleeve, obtain a second
aﬁtment of the total resistance of the cone
ﬂ'ﬁe sleeve. Subtraction gives the slceve re-

Sitlice. .

"
m 12—Because of soil layering, the cone resist-
",‘.ﬂy change during the additional downward
t of the tip required to obtain the friction

% lJ—Thc soil friction along the sleeve puts an
?ﬂ\ﬂ overburden load on the soil above the cone
My increase cone resistance above that measured
s"! the initial phase of the tip extension by an

"
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unknown, but probably small amount. Ignose this ef-
fect.

5.2.3 Recording Data—To obtain reproduci-
ble cone-resistance test data, or cone and friction-
resistance test data when using a friction-cone
tip, record only those thrust readings that occur
at a well-defined point during the downward
movement of the top of the inner rods in relation
to the top of the push rods. Because of the elastic
compression of inner rods (seec Note 4), this point
ordinarily should be at not less than 1.0 in. (25
mm) apparent relative movement of the inner
rods. When using the friction-cone penetrometer,
this point shall be just before the cone engages
the friction slceve.

Note 14—Figure 5 shows onc exampie of how the
thrust in the hydraulic load cell can vary during the
extension of the friction-cone tip. Note the jump in
gage pressure when the cone engages the sleeve.

5.2.3.1 Obtain the cone plus friction-resist-
ance reading as soon as possible after the jump
50 as to minimize the error described in Fig. 5.
Unless using continuous recording as in Fig. 5,
the operator should not record a cone plus fric-
tion resistance if he suspects the cone resistance
is changing abruptly or erratically.

5.3 Electric Penetrometers:

5.3.1 If using continuous clectric cable, pre-
thread it through the push rods.

5.3.2 Record the initial reading(s) with the
penetrometer lip hanging freely in air or in water,
out of direct sunlight, and afier an initial, short
penetration, test hole so that the tip temperature
is at soil temperature.

5.3.3 Record the cone resistance, or conc re-
sistance and friction resistance, continuously
with depth or note them at intervals of depth not
exceeding 8 in. (203 mm).

5.3.4 At the end of a sounding, obtain a final
set of readings as in 5.3.2 and check them against
the initial set. Discard the sounding, and repair
or replace the tip if this check is not satisfactory
for the accuracy desired for the resistance com-
ponent(s).

6. Special Techniques and Precautions

6.1 Reduction of Friction Along Push Rods—
The purpose of this friction reduction is to in-
crease the penetrometer depth capability, and not
to reduce any differences between resistance
components determined by mechanical and elec-
tric tips as noted in 1.3. To accomplish the
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friction reduction, introduce a special rod with
an enlarged diameter or special projections,
called a “friction reducer,” into the string of push
rods or between the push rods and the tip. An-
other allowable method to reduce friction is to
use ;?ush rods with a diameter less than that of
!he'up. In accordance with 4.1.4, any such pro-
Jections or changes in diameter must begin no
closer than 1.0 A (0.3 m) from the base of the
cone or .thc top of the friction sleeve when using
cones with the standard 4.1.1 diameter. For other
cones (sec Note 2) use no closer than 8 diameters.

NOTE 15—Non-mechanical techniques to reduce

friction, such as the use of drilli i
o, such & U lling mud above the tip,

6.2 Prevention of Rod Bending Above Sur-
Jace—Use a tubular rod guide, at the base of the
lhrust machine, of sufficient length 1o prevent
sngmﬁ.cant bending of the push rods between the
machine and the ground surface.

NoTe 16—Special situations, such as when working

through water, will require a special system of casi
A
support to restrict adequately the buckling of the n;f

6.1'5 Drift of Tip—For penetration depths ex-
ccgdmg about 40 ft (12 m), the tip will probably
dnft away from a vertical alignment. Occasion-
ally, serious drifting occurs, even at less depth.
Beduce drifting by using push rods that are ini-
tially straight gnd by making sure that the initial
cone penetration into soil does not involve un-
wanted, initial lateral thrust. Passing through or
alongside an obstruction such as boulders, soil
concretions, thin rock layers, or inclined dense
layers may deflect the tip and induce drifting.
Note any indications of encountering such ob-
structions and be alent for possible subsequent
improper tip operation as a sign of serious drift-
ing.

Note 17—Electric penetrometer tips may also in-

corporatc an incljnomcler to monitor drift and provide
a wamning when it becomes excessive.

§.4 Wear of Tip—Penetration into abrasive
soils eventually wears down or scours the pene-
trometer tip. Discard tips, or parts thereof, whose
wear changes their geometry or surface roughness
so they no longer meet the requirements of 4.1,
Permit minor scratches.

6.5 Distance Between Cone and Friction
SIgcve—The friction resistance of the sleeve ap-
phcs to the soil at some distance above the soil
in which the cone resistance was obtained at the
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same l_imc. When comparing these resistances
the soil ata specified depth, for example whe,
computing friction ratios or when plotting the,
d'ata on graphs, take proper account of the ve.
tical distance between the base of the cone ang
the midheight of the friction slecve,
) 6.6 Interruptions—The engineer may have i
1plerrupt the normal advance of a static penetr.
tion test for purposes such as removing the pen-
etrometer and drilling through layers or obstru.
tions too strong to penetrate statically. If
penetro'meler is designed to be driven dynam:-
cally without damage to its subsequent staic
performance (those illustrated herein in Figs |
to 4 are not so designed), the engineer may drive
past §uch layers or obstructions. Delays of over
10 min due tg personnel or equipment problems
shall be considered an interruption. Continuing
the static penetration test after an interruption s
per.mlt.ted provided this additional testing r-
mains in conformance with this standard. Obtais
fpnhcr resistance component data only after the
tip passes through the engineer’s estimate of the
disturbed zone resulting from the nature and
fiepth of the interruption. As an alternative, read
ings may be continued without first making tht
additional tip penetration and the disturbed zon
c\:alualed from these data. Then disregard dai
within the disturbed zone.

Note 18—Interruption of the pi i
piezocone sounding
after a push allows the engineer to examine the diss-

::lion of positive or negative excess pore water pres
re.

67 Below or Adjacent to Borings— A cone o
friction-cone sounding shall not be performa!
any _closer than 25 boring diameters from 3
existing, unbackfilled, uncased boring hok
Wh_en performed at the bottom of a boring, tf¢
engineer should estimate the depth below tx
bom.rg of the disturbed zone and disregard peft
ctration test data in this zone. The depth ma
vary from one to five diameters. Where the et
gineer does not have sufficient experience Wi
this variable a depth of at least three bonnf
diameters should be used.

6.8 Mechanical Penetrometers:

6.8..1 Inner Rod Friction—Soil particles and
corrosion can increase the friction between inn!
rods and push rods, possibly resulting in signifr
cant crrors in the measurement of the resistan®
c((:dmponenl(s). Clean and lubricate the in%!
rods.

A ( ( [
| @

WE? Weight of Inner Rods—For improved
=t low values of cone resistance, cosrect

®inner rods from the tip 10 the topmost rod.
Jamming—Soil particles between slid-
aces or bending of the tip may jam the
during the many extensions and col-
the telescoping mechanical tip. Stop the
> as soon as uncorrectable jamming oc-

Bl Water Seal—Provide adequate water-
wag for the electric transducer. Make pe-

19—Some electric tip sleeve designs are not
Rnsated for hydrostatic end area cffects and re-
R calibration correction. Determining the net end
B¢ the cone under hydrostatic pressure also requifes
static calibration measurement. The tip manu-

can usually supply these calibration correction
fants. Their importance increases as the soil being
&4 becomes weaker.

BY Graph of Cone Resistance, g.—Every re-
Fof a cone or friction-cone sounding shall
de 4 graph of the variation of cone resistance
nits of tons or kPa) with depth (in feet or
es). Successive cone-resistance test values
tiom the mechanical cone and friction-cone pen-
{&ometers, usually determined at equal incre-

*pon ding to the depth of the measurement, may
b’connected with straight lines as an approxi-
siation for a continuous graph.
k1.2 Friction-Cone Penetrometer:
J.2.1 Graph of Friction Resistance, f;-—In ad-
dition to the graph of cone resistance (7.1) the
Jport may include an adjacent or superposed
-Braph of friction resistance or [riction ratio, or
;’h‘h. with depth. Use the same depth scale as in
L1 (sec 6.5).

W72.2 Graph of Friction Ratio, R—If the re-
Portincludes soil descriptions estimated from the
ion-cone penetrometer data, include a graph

l [ [ ' !
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of the variation of friction ratio with depth. Place
this graph adjacent to the graph for cone resist-
ance, using the same depth scale (sce 6.5).

7.3 Piezocone Penetrometer—In addition to
the 7.1 and 7.2 report requirements, a piezocone
sounding shall include a parallel graph, to the
same depth scale, of measured pore water pres-
sure during the penetration versus depth. Excess
pore watler pressure versus time plots may also
be constructed at those depths where the piczo-
cone sounding is interrupted (sec Note 1).

7.4 General—The operator shall record his
name, the name and location of the job, date of
sounding, sounding number, location coordi-
nates, and soil and water surface elevations (if
available). The report shall also include a note as
to the type of penctrometer tip used, the type of
thrust machine, tip and thrust calibration infor-
mation, or both, any zero-drifi noted, the method
used to provide the reaction force, if a friction
reducer was used, the method of tip advance-
ment, the method of recording, the condition of
the rods and tip after withdrawal, and any special
difficultics or other observations concerning the
performance of the equipment.

7.5 Deviations from Standard—The report
shall state that the test procedures were in ac-
cordance with this Test Method D 3441. De-
scribe completely any deviations from this test
method.

8. Precision and Bias

8.1 Because of the many variables involved
and the lack of a supenior standard, engineers
have no direct data to determine the bias of this
method. Judging from its observed reproducibil-
ity in approximately uniform soil deposits, plus
the ¢, and f, measurement effects of special equip-
ment and operator care, persons familiar with
this method estimate its precision as follows:

8.1.1 Mechanical Tips—Standard deviation
of 10 % in g, and 20 % in f..

8.1.2 Electric Tips—Standard deviation of
5% in g, and 10 % in f..

NoTE 20—These data may not match similar data
from mechanical tips (sce 1.3).
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/TI*RUST REMOVED (PISTON REVERSED)

ENGAGED (IN THIS CASE sTIy
A SLOW INCREASE IN CONE Re-
SISTANCE)

TEMPORARY PRESSURE JUMP DL

_____ b phuobsiin il TO ACCELERATION OF FRICTION
= I8¢ SLEEVE AND CON-

| I VERTING STATIC 10

STEADY STATE BEFORE SLEEVE  MOVING FRICTION

ENGAGED (IN THIS CASE A SLOW-

LY INCREASING CONE RESISTANCE)

s EARLIEST PT,
CONE RESISTANCE WITH ¢ OPERATOR CAN
PENETRATION PAST / OBTAIN READ-

PCONE ¢ SLEEVE
| MOVING

1
]
I

TIME ——————tn

MOV ING
DOWN ——

o~ CONE

T

e —— A I

PRESSURE BUILDUP TO EXTEND CONE
] ]

PRESSURE ——————

NOTE—“0-3" repy the cone

- sent ding just before the pressure jump associated with engaging the frictios
slccvcdqnn;lhe g d of the tip. “a-b” is the correct friction resistance if the friction slecve could b
enmdnnﬂ;nhmuﬂywﬂnmphsﬁiﬂion i e read i ly. H . the op cannot read a pressue
gage dial unti it sicadics, such as at point “c.” By this forced wait, the op has introduced a friction resistance error of “b<”
mownwr must read the gage as 500n as possible after the jump to minimize this error. Ematic or abrupt changes in con
resistance may make this error unacceptable.

FiG. § Amnetated Chart Record of the Pressure Changes in the Hydraulic Load Cell Measaring Thrust on Top of the Inser Robs

During aa E: pie E ion of the Mechanical Friction-Cone Penetrometer Tip

) The American S«_xiny ﬁ» T(ying and Materials takes no position respecting the validity of any patent righis asserted in connecin
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any sw*
patent rights, and the risk of infringemeny of such rights, are entirely their own responsibility.

This siandard is subject 1o revision at any time by the responsible technical ¢ e and must be reviewed every five years 9%
if nex_revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard o{ [fw ay;i""“i
standards and should be addressed 10 ASTM Headquarters. Your comments will receive careful consideration at a meeting of 1™
responsible technical committee. which you may atiend. If you feel that your comments have not received a Jair hearing you
make your views known 1o the ASTM Commitice on Standards, 1916 Race St., Philadelphia, PA 19103,
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K standard Practice for

i8 issued under the fixed designation D 3550; the

fﬂING-LINED BARREL SAMPLING OF SOILS'

hap o tiatelv Foll

ing the desi indicates the year of

$ practice covers a procedure for using
d barrel sampler to obtain representa-

r laboratory tests. In cases where it has
fablished that the quality of the sample is
t(his practice provides shear and con-
ion - specimens that can be used directly in
pparatus without prior trimming. Some
Soils may gain or lose significant shear
or compressibility, or both, as a result
g In cases like these, suitable compar-
ould be made to evaluate the effect
‘disturbance on shear strength and
ibility.

practice is not intended to be used as
ion test; however, the force required to
etration or a blow count, when driv-
ssary, is recommended as supplemen-

Operations, and equipment. This standard
"burpon to address all of the safety prob-

hoever uses this standard to consult and

S ‘appropriate safety and health practices
an‘ne the applicability of regulatory limi-

L STM Standards:

87 Practice for Thin-Walled Sampling of

W v,
s llSz
\,’égm Practice for Diamond Core Drilling

Site Investigation?
8 Practice for Description and Identifi-

doption o, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
: _qlilon (¢) indicates an cditorial change since the last revision or reapproval,

cation of Soils (Visual-Manual Procedure)’

3. Significance apd Use

3.1 This practice is used where soil condition
and resistance to advance of the sampler do not
permit the use of a thin-wall tube (Practice
D 1587) and where the formation does not re-
quire diamond coring (Practice D 2113).

4. Apparatus

4.1 Drilling Equipment—Any drilling equip-
ment may be used that provides a reasonably
clean hole before insertion of the sampler and
that does not disturb the soil 1o be sampled.
However, in no case shall a bottom-discharge bit
be permitted. Side-discharge bits are permissible.

4.2 Drive Weight Assembly—Any drive
weight assembly that will provide penetration in
the range from 1 to 20 blows per foot (65 blows
per metre) may be used. Whenever possible, soils
are to be sampled by pushing instead of driving
(see Section 5).

4.3 Ring-Lined Barrel Sampling Assembly—
This shall consist of a shoe, sampler, and waste
barrel, as shown in Fig. 1.

4.4 Ring-Lined Sampler—Test specimens
shall be obtained using a suitable one piece or
split sampling barrel lined on the inside with
removable rings. These rings shall be thin-walled
and shall conform 10 the size requirements of the
particular laboratory test determinations em-
ployed. They shall fit snugly inside the sampler

! This practice is under the jurisdiction of ASTM Committce
D-18 on Soil and Rock and is the direct responsibility of
Subc ittee D18.02 on Sampling and Related Field Testing
for Soil Investigations.

Current edition approved Jan. 27, 1984. Published Apni
1984, Originally published as D 3550 - 77. Last previous edition
D 3550 - 77",

? Annual Book of ASTM Standards, Vol 04.08.
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qmb Designation: D 1556 - 82"

Standard Test Method for

DENSITY OF SOIL IN PLACE BY THE SAND-CONE

METHOD'

Thus standard is issued under the fixed designation D 1556; the number immediately following the desigaation indicates the

vearof or:'finnl adoption or, in the case of revision, the year
reapproval.

of last revision. A number in parentheses indicates the year of last
A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1y method has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

_nd Standards.

\ore—Section 7.5.3 was changed editorially in December 1983

1. Scope

1.1 This method covers the determination of
1he in-place density of soils.

1.2 Any soil or other material that can be
cxcavated with hand tools can be tested pro-
vided the void or pore openings in the mass are
.mall enough to prevent the sand used in the
1est from entering the natural voids. The soil or
ather material being tested should have suffi-
«ient cohesion or particle attraction to maintain
Jable sides on a small hole or excavation. It
+hould also be firm enough to withstand the
minor pressures exerted in digging the hole and
placing the apparatus over it without deforming
ot sloughing.

1.3 When the moisture content and dry den-
«ity are to be determined, this method is not to
be used in certain soils or materials as indicated
in paragraphs 1.3 and 3.5 of Method D 2216.

. Applicable Documents

2.1 ASTM Standards:

C 136 Method for Sieve Analysis of Fine and
Coarse Aggregates?

D653 Terms and Symbols Relating to Soil and
Rock’

D698 Test Methods for Moisture-Density
Relations of Soils and Soil-Aggregate Mix-
tures Using 5.5-1b (2.49-kg) Rammer and
12-in. (305-mm) Drop®

D 1557 Test Methods for Moisture-Density
Relations of Soils and Soil-Aggregate Mix-
tures Using 10-1b (4.54-kg) Rammer and
18-in. (457-mm) Drop®

D2049 Test Method for Relative Density of
Cohesionless Soils*

D 2216 Method for Laboratory Determina-
tion of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures®

3. Significance and Use

3.1 This method is used widely to determine
the density of compacted soils used in the con-
struction of carth embankments, road fill, and
structure backfill. It is often used as the basis
of acceptance for soils compacted to a specified
density or percentage of a maximum density
determined by a standard test method.

3.2 This method can be used to determine
in-place density of natural soil deposits, aggre-
gates, soil mixtures, or other similar material.

3.3 The use of this method is generally lim-
ited to soil in an unsaturated condition. This
method is not recommended for soils that are
soft or friable (crumble easily) or in a moisture
condition such that water seeps into the hand-
excavated hole. The accuracy of the test may
be affected for soils that deform casily or that
may undergo a volume change in the excavated
bole from standing or walking near the hole
during the test.

4. Apparatus

4.1 Density Apparatus, consisting of the fol-
lowing:

! This method is under the jurisdiction of ASTM Committee
D-18 on Soil and Rock and is the direct responsibility of
Subcommittee D18.08 on Special and Construction Control
Tests.

Current edition approved Nov. 26, 1982. Published January
1983. Originally published 2s D 1556 - 58 T. Last previous edi-
tion D 1556 - 64 (1974).

3 Annual Book of ASTM Standards, Vot 04.02.

3 Annual Book of ASTM Standards, Vol 04.08.

* Discontinued, see /983 Annual Book of ASTM Standards,
Vol 04.08.
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4.1.1 A jar or other container having a vol-
ume of approximately 1 gal (4000 cm®) or
larger.

4.1.2 A detachable appliance consisting of a
cylindrical valve with an orifice approximately
% in. (I3 mm) in diameter, having a small
metal funnel connecting to a standard gal Ma-
son jar top on one end and a large metal funnel
(cone) on the other end. The valve shall have
stops to prevent rotating it past the completely
open or completely closed positions.

4.1.3 A squarc or rectangular metal plate
with a flanged center hole cast or machined to
receive the large funnel (cone) of the appliance
described in 4.1.2. The plate shall be flat on the
bottom and have sufficient thickness or stiff-
ness to be rigid and shall have sidewalls ap-
proximately % to % in. (10 to 13 mm) high.

4.1.4 The details for the apparatus described
herein are shown in Fig. 1 and represent the
minimum acceptable dimensions suitable for
testing soils having maximum particle sizes of
approximately 2 in. (50 mm) and test hole
volumes of approximately 0.1 ft* (3000 cm®).
When the material being tested contains a small
amount.of oversize and isolated large particles
are encountered, the test can be moved to a
new location. Larger apparatus and test hole
volumes are needed when particles larger than
2 in. (50 mm) are prevalent.

NoTE 1—The apparatus described here represents
a design gha.t has proved satisfactory. Larger appa-
ratus of similar proportions may be used as long as

the basic principles of the sand volume determination
are observed.

4.2 Sand, shall be clean, dry, uniform, unce-
mented, durable, and free-flowing. Any gra-
dation may be used that has a uniformity coef-
ficient (C. = Dey/ D)) less than 2.0, a maximum
particle size less than 2.00 mm (No. 10 sieve),
and less than 3 % by weight passing 250 um
(No. 60 sieve). The particle size distribution
(gradation) shall be determined in accordance
with Method C 136. Uniform sand is needed to
prevent segregation during handling, storage,
and use. Sand free of fines and fine sand par-
ticles is needed to prevent significant bulk den-
sity changes with normal daily changes in at-
mospheric humidity. Sand comprised of dura-
ble, natural subrounded or rounded particles is
desirable. Crushed sand or sand having angular
particles may not be free flowing, a condition
that can cause bridging resulting in inaccurate

( [ (
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density determinations (Note 2). In s
sand from a potential source, five

ceptable sand, the variation between any?g
mination and the average shall not be ¢y
than 1% of the average. Before using ga
density determinations, it shall be drie

eral location where it is to be used. Sangd €3
not be reused without removing any cogg
nating soil, checking the gradation, and
Bulk-density tests shall be made at inthS
not exceeding 14 days, always after any sippik
cant changes in atmospheric humidity, by
reusing, and before using a new batch f
previously approved supplier (Note 3). =
Note 2—Some manufactured (crushed)
such as blasting sand have been SSIMII’
with good reproducibility. The reproduci >
results using angular sand should be checked 4y
actual testing situations before selecting an angily
sand for use. 8
NoOTE 3—Most sands have a tendency 16 shiley
moisture from the atmosphere. A very small anigye
of absorbed moisture can make & substantial chuigy
in bulk density. In areas of high humidity or wheg
the humidity changes often, the bulk densi
need to be determined more often than the
maximum interval indicated. The need forsiian
frequent checks can be determined by comparing (e
results of different bulk-density tests on the samg

o

sand made in the arca and conditions of use
period of time. u
4.3 Balances—A balance or scale of I
capacity readable to 1.0 g and accurate 15#
from 100 g to 7000 g and 3 g above 7000 iu“
a balance of 2000 g capacity readable to 01§
and accurate to 0.1 %. ¢
4.4 Drying Equipment—Qven, as speci
Method D 2216 (See 6.1.10 and Note 6.) "
4.5 Miscellaneous Equipment—XKanife, sall
pick, chisel, small trowel, screwdriver, Jor
spoons for digging test hole; buckets with hidg
seamless tin or aluminum cans with lids, pis*
tic-lined cloth sacks, or other suitable:coss
tainers for retaining the density sample, mdis:
ture sample, and density sand respectively;
thermometer for determining the temperatars
of water; small, paint-type brush, slide rile &
calculator, notebook, etc. E

5. Calibration ‘

5.1 Determinations of mass are to be mad
to the nearest | g except for those required for

» F
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,lermiﬂing moisture content, which shall be

pade 10 the nearest 0.1 g.

;1 Determine the mass of sand required to
«y the funnel and base plate as follows:

;2.1 Put sand in the apparatus and deter-

¢ the mass of apparatus and sand.

2.2 Place the base plate on a clean, level,
4;,16 surface. Invert the apparatus and seat the
yrgc funnel into the flanged center hole in the
e plate, and mark and identify the funnel
34 plate so that the same funnel and plate can
Jways be matched and reseated in the same
~xsition. .

<23 Open the valve and keep open uatil
¢ sand stops running, making sure the appa-
s, base plate, or plane surface are not jarred
<« vibrated before the valve is closed.

524 Close the valve sharply, determine the
ass of the apparatus with remaining sand and
“iiculate the loss of sand. This loss represents
e mass of sand required to fill the funnel and
ause plate.

5.2.5 Repeat the procedures in 5.2.1t05.24
4 least three times. The mass of sand used in
e calculations shall be the average of three
scierminations. The maximum variation be-
.ween any one determination and the average
.hall not exceed 1 %.

33 Use ecither Method A or Method B to
letermine the sand bulk density.

54 Method A—Determine the bulk density
.ithe sand to be used in the field test as follows:

54.1 Select a known-volume container that
~ approximately the same size and allows the
and to fall approximately the same distance as
he hole excavated in making a ficld test. The

.-[* (944-cm®) and Yis.3-ft* (2124-cm”) molds
.xified in Test Methods D698 or the 0.1-ft’

810-cm’) mold specified in Test Method
12049 are recommended.

14.2 Make measurements of sufficient accu-
“aev to determine the volume of the container to
<10 %. The measurement tolerances for the
shave recommended molds are given in Test
Muthods D698 and D 2049.

5.4.3 Flow characteristics through different
«alve assemblies have been known to cause
different bulk-density values. The funnel and
«alve apparatus used to determine the bulk
density of the sand shall be the same as used
for making field tests unless other assemblics
are determined to provide the same results.

[ ( ( l !
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54.4 Fill the assembled apparatus with
sand.

5.4.5 Determine the mass of the known-vol-
ume container when empty.

5.4.6 Support the apparatusover the known-
volume container in an inverted position so
that the sand falls approximately the same
distance as in a field test, and fully open the
valve.

5.4.7 Fill the container until it just overflows
and close the valve. Carefully strike off excess
sand to a smooth level surface at the top of the
container. Care must be taken so that the con-
tainer is not jarred or vibrated before striking
off is completed.

5.4.8 Clean any sand from the outside of the
container and determine the mass of the
known-volume container when full. Determine
the net mass of sand by subtracting the mass of
the empty container.

Note 4—When the known-volume containcr has
the same diameter as the flanged center hole in the
metal plate, the procedures in 5.4.6 to 5.4.8 can be
simplified by using the plate on top of the known-
volume container. Striking off the excess sand is not

uired when the apparatus with sand is weighed
before and afier filling the container and the mass
required to fill the cone and plate (5.2.5) is subtracted
from the difference.

5.4.9 Repeat the procedure in 5.4.4 to 54.8
at least three times. The mass used in the
calculations shall be the average of three deter-
minations. The maximum variation between
any one determination and the average shall
not exceed 1 %.

5.5 Method B—The bulk density of sand to
be used in the field test is determined by first
determining the volume of the jar and attach-
ment up to and including the volume of the
valve orifice then by using the jar to measure
a volume and mass of sand as follows:

5.5.1 In making bulk density determina-
tions, use a glass or other rigid jar that is well-
rounded where it tapers toward the opening.
Other jars may be used for making in-place
density tests.

5.5.2 Use the same funnel and valve assem-
bly for determining the bulk density of sand as
will be used in field tests or determine that
other assemblies provide the same results.

5.5.3 Usc heavy grease or other waterproof
substances in those stopcocks and thread as-
semblies that are not watertight.
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5.5.4 Determine the mass of the assembled
apparatus and record.

5.5.5 Place the apparatus upright and open
the valve.

5.5.6 Fill the apparatus with water uatil it
appears over the valve.

5.5.7 Close valve and remove excess water.

5.5.8 Determine the mass of the apparatus
and water, and determine the temperature of
the water to the nearest 1°C.

5.5.9 To determine the mass of the water to
fill the apparatus, subtract the mass of the
apparatus from the mass of the apparatus and
the water.

5.5.10 Repeat the procedure described in
5.5.4 10 5.5.9 at least three times. Convert the
weight of water, in grams, to millilitres by
correcting for the temperature as given in 731,
The volume used shall be the average of three
determinations with a maximum variation of 3
mL.

5.5.11 The volume determined in this pro-
cedure is constant as long as the jar and attach-
ment are in the same relative position as the
previous volume determination. If the two are
to be separated, match marks should be made
to permit reassembly to this position.

5.5.12 Completely dry the jar and other ap-
paratus and remove any grease or waterproof-
ing substances before proceeding with the fol-
lowing bulk density determination.

5.5.13 Place the empty apparatus upright on
a firm level surface, close the valve, and fill the
funnel with sand.

5.5.14 Open the valve and, keeping the fun-
nel at least half full of sand, fill the apparatus,
making sure the apparatus is not jarred or
vibrated before the valve is closed. When the
sand stops flowing, close the valve sharply and
empty excess sand.

5.5.15 Determine the mass of the apparatus
with sand and determine the net mass of sand
by subtracting the mass of the apparatus.

5.5.16 Repeat the procedures in 5.5.13 to
5.5.15 at least three times. The mass used in the
calculations shall be the average of three deter-
minations. The maximum variation between
any one determination and the average shall
not exceed | %.

6. Procedure

6.1 Determine the density of the soil in place
as follows:

( [ [
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be tested so that it is a level plane. Thé
plate makes an excellent tool for strik;
the surface to a neat level plane.
6.1.3 Seat the base plate on the plag
face, making sure there is good contact
ground surface around the edge of the flag

center hole. Mark the outline of the base'sia .

to check for movement during the test, ang
nails pushed into the soil adjacent to theé i
of the plate or otherwise secure the plate spgin:
movement without disturbing the soil tg
tested. L7

6.1.4 In soils where leveling is not succes
a preliminary test shall be run at this pola*
measuring the volume bounded by the fungg
plate and ground surface. Fill the spacelwifgf
sand from the apparatus, determine the B3P
of sand used to fill the space, refill the ap)
ratus, and determinc a new initial ‘mass ¢
apparatus and sand before proceeding with’tig
test. After this measurement is completed,
fully brush the sand from the prepared surfs

NoTe S—A second calibrated apparatus may b
ukentotheﬁeldwhenthiscondingmis iciradey
(instead of refilling and nn.hng a second mass ;
mination). The procedure in 6.1.4 may be mdfé.’
cach test when the best possible accuracy is desirpd!
however, it is usually not needed for most Ctio
testing where a relatively smooth surface ts obtaing?
ble. EPs |

6.1.5 Dig the test hole inside the center Bol'
in the base plate, being very careful to avod
disturbing the soil that will bound the he
Test-hole volumes shall be as large as practical
to minimize the effects of errors and shall in 16"
case be smaller than the volume indicatedjﬁ'
Table 1. The sides of the hole should sigpé'
inward slightly toward the bottom that should’
be reasonably flat or concave. The hole should’
be kept as free as possible of pockets, overd
hangs, and sharp obtrusions since these aﬂ'eé,'
the accuracy of the test. Soils that are essenti
granular require extreme care and may require:
digging a conical-shaped test hole. Place o '
excavated soil and soil loosened during excs
vation in a container that is marked to identi_ff
the test number. Take care to avoid losing an
material. Protect this material from any loss of
moisture until the mass has been determined
and a specimen has been obtained for moisture

l ( {
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content determination.

6.1.6 Clean the flange of the center hole in
spe metal plate, invert the apparatus, and seat
e large metal funnel into the flanged hole at
(e same location as marked during calibration.

pen the valve and allow the sand to fill tl'le
pole, funnel, and base plate. Take care to avoid
.yrring of vibrating the apparatus or the gron.md
]during this step. When the sand stops flowing,
close the valve.

6.1.7 Determine the mass of the apparatus
«ith remaining sand, and calculate the mass of

used in the test.
sn;(,il.s- Determine the mass of the material
(hat was removed from the test hole.

6.1.9 Mix the material thoroughly and ob-
win a representative specimen for moisture-
content determination or use the entire sa{nple.

6.1.10 Determine the moisture content in ac-
cordance with Method D 2216.

NoTe 6—Rapid methods of moisture determina-
tion may be used to obtain an approximate value
ihat is Iater verified or corrected acco to the
values obtained in accordance with Method D 2216.

6.2 Moisture-content specimens are to be
large enough and sclected in such a way o as
(o represent all the material obtained from the
test hole. Suggested minimum mass of moisture
specimens in relation to maximum particle size
are shown in Table 1.

7. Calculations

7.1 Calculations as shown are for using 1‘mits
in grams and cubic centimetres or millilitres.
Other units are permissible provided the appro-
priate conversion factors are used to maintain
consistency of units throughout the calcula-
tions.

7.2 Sand Calibration—Method A:

7.2.1 Calculate the bulk density of the sand
as follows:

o= M/V
where: ,
pr = bulk density of the sand, g/cm’, of mul-
tiply by 62.43 for Ib/ft’,

M, = mass of sand to fill the known volume
container, 5.4.9, g, and )
¥, = volume of the known volume container,
542, cm?’.
1.3 Sand Calibration—Method B:

73.1 Calculate the volume of the density

apparatus as follows:

VQ-GT

where:

V2 = volume of the density apparatus, mL,

G = mass of water required to fill the appa-

ratus, 5.5.9, and )
T = water temperaturc-volume correction
shown in column 3 of Table 2.
7.3.2 Calculate the bulk density of the sand
as follows:
pr=Ms/Vs

where: .
p1 = bulk density of the sand, g/cm’, or mul-
tiply by 62.43 for 1b/ft°,
M, = mass of sand required to fill the appa-
ratus 5.5.16, g, and
¥y = volume of apparatus, 5.5.10.
7.5 Field Test:
7.5.1 Calculate the volume of the test hole
as follows:
V= (M — My)/ps

where:

Vv = volume of the test hole, cm®,

Mj; = mass of sand to fill the test hole, funnel,
and base plate, 6.1.7, g,

M, = mass of sand to fill the funnel and base
plate, 5.2.5, g, and

pr = bulk density of the sand, 7.2.1 or 732,
g/cm’. .

7.5.2 Calculate the dry mass of material re-
moved from the test hole as follows:

Mo = 100 My/(w + 100)

where: ) .
w = percentage of moisture, in material from
test hole, 6.1.10,
M, = moist mass of the material from the test
hole, 6.1.8,
M; = dry mass of material from test hole, g, or
multiply by 0.002205 for Ib.
7.5.3 Calculate the in-place wet and dry den-
sity of the material tested as follows:
pm = Ms/V
pa = MV

where: ,

¥V = volume of test hole, 7.5.1_. cm’,

M = moist mass of the material from the test
hole, 6.1.8, g, )

M, = dry mass of the material from the test hole,
752, 8, ) ,

pm = wet density of the tested material g/cm’ or
multiply by 62.43 for 1b/R’, and

pa = dry density of the tested material.
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Note 7—It may be desired to express the in-place
density as a percentage of some other density, for
exu:gle, the laboratory maximum density deter-

in accordance with Method D 698. This rela-
tion can be determined by dividing the in-place
d(e)ssuy by the maximum density and multiplying by
100.

8. Precision and Accuracy

8.1 The precision and accuracy of this
method has not been determined. No available

TABLE 1 Minimum Test Hole Volumes and Minimum
Moisture Content Samples Based on Maximum Size of

Particle
Miaimum
Minimum  Minimum .
P:‘r:zll:;::c Test Hole Test Hole, bé::::;:
Volume, cm® Volume, fi Sample, g
No. 4 Sieve 710 0.025 100
(4.75 mm)
% in. (12.5 mm) 1420 0.050 300
1 in. (25 mm) 2120 0.075 500
2 in. (50 mm) 2830 0.100 1000

The American Society for Te.mng and Materials takes no position respecting the validity oj' any patent nghu aum%
ti dard. Users of this standard are expressly advised that dete of the
of any such patent rights, and the risk of lnfn’ngemcnt of such rights, are entirely their own rnpormblluy A

connection with any item d in this st
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methods provide absolute values of thed
of soil in place against which this methdg
be compared. The variability of soil ag
destructive nature of the test do not provi '

meaningful statistical evaluation. A
a function of the care exercised in perf
the steps of the test giving particular aticiily’
to careful control to systematic repetitis 60y
procedures used.

Temperature
Temperature

*C °F

12 53.6
14 57.2
16 60.8
18 644
20 68.0
22 716
24 75.2
26 788
28 824
30 86.0
32 89.6
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FIG. 1 Density Apparatus
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where

C' = percent cement corrected for moisture
variation,

C = percent cement determined from test
sample,

R = percent material retained on a 4.75-mm
sieve for the calibration samples,

M’ = percent moisture of test sample as deter-
mined in Note 2, and

V., Wy and W. are quantities computed in

Section 6 for calibration Set 2.

10. Precision and Accuracy

10.1 In the process of development of

[ [ [ | {
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D 2901-70, interlaboratory lesting programs
were conducted in 1967 and 1968. Results of
these tests showed an average error in cemenl
content determination of 3.6 % [(error)/(ce
ment content) X 100] from which a coefficient
of variation of 4.5 % is estimated. On duplicate
specimens used in the calibration process, the
average deviation in millilitres of EDTA was
2.4 % [(deviation in millilitres)/(average milli
litres) x 100].

10.2 Changes incorporated in the 1982 revi
sion are intended to improve precision and
accuracy over that of D 2901-70. .

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asseried
connection with any item mentioned in this standard. Users of this siandard are expressly advised that deiermination of the validiy
of any such patent righis, and the risk of infringemeni of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee and must be reviewed every Jfive yem
and if not revised, either reapproved or withdrawn. Your comments are invited ¢ither for revision of this standard or for a.ddmod
standards and should be addressed to ASTM Headquariers. Your commenis will receive careful consideration a1 a meeting of te
responsible technical commitiee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Commitiee on Siandards, 1916 Race S1., Philadelphia, Pa. 19103.
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qﬁ]b Designation: D 2922 - 81

Standard Test Methods for

DENSITY OF SOIL AND SOIL-AGGREGATE IN PLACE BY
NUCLEAR METHODS (SHALLOW DEPTH)'

Tis standard is issued under the fixed designation D 2922; the number immediately following the designation indicates the
yearof original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
sapproval. A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

Mhese methods have been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

INTRODUCTION

These methods describe determination of the density of soil and soil-aggregate in
place using nuclear equipment. In general, the total or wet density of the material under
test is determined by placing a gamma source and a gamma detector cither on, into, or
adjacent to the material under test. These variations in test geometry are presented as
the backscatter, direct transmission, or optional air gap approaches. The inteasity of
radiation detected is dependent in part upon the density of the material under test. The
radiation intensity reading is converted to measured wet density by a suitable calibration
curve. Principles of the nuclear test are discussed in the Appendix, as are some of its
advantages and disadvantages. It should be noted that the density determined by these
methods is not necessarily the average density within the volume involved in the
measurement and that the equipment utilizes radioactive materials which may be
hazardous to the health of users unless proper precautions are taken.

- 1. Scope

1.1 These methods cover the determination
of the total or wet density of soil and soil-
aggregate in place by the attenuation of gamma
fays where the gamma source or gamma detec-

- t0r, or both, remain at or near the surface. The

methods described are normally suitable to a
test depth of approximately 2 to 12 in. (50 to
300 mm), depending on the test geometry used.

1.2 Three methods are described as follows:

Section
Method A— Backscatter 9
Mcthod B—Direct Transmission 10
Method C— Air Gap (Optional) 1

1.3 The values tested in inch-pound units

 are to be regarded as the standard. The metric

equivalents of inch-pound units may be ap-
proximate.

L Applicable Documents
21 ASTM Standards:

D 1556 Test Method for Density of Soil in
Place by the Sand-Cone Method®

D2167 Test Method for Density and Unit
Weight of Scil in Place by the Rubber-
Balloon Method?

D 2216 Method for Laboratory Determina-
tion of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures®

D 3017 Test Method for Moisture Content of
Soil and Soil-Aggregate in Place by Nu-
clear Methods (Shallow Depth)?

3. Significance and Use

3.1 The methods described are uscful as
rapid, nondestructive techniques for the in-
place determination of wet deansity of soil and

! These methods are under the junsdiction of ASTM Com-

mitice D-18 on Soil and Rock.

Current edition approved May 29, 1981. Published Septem-

ber 1981. Originally published as D 2922 - 7). Last previous
edition D 2922 - 78.

 ynnual Book of ASTM Standards, Vol 04.08.
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soil-aggregate. The fundamental assumplions
inherent in the methods are that Compton scat-
tering is the dominant interaction and that the
material within the zone of influence for each
test is homogeneous.

3.2 Test results may be affected by chemical
composition, sample heterogeneity, and the
surface texture of the material being tested. The
techniques also exhibit spatial bias in that the
apparatus is more sensitive to certain regions
of the material under test.

4. Calibration

4.1 Laboratory calibration of the gage is es-
tablished by determining the nuclear count
rate of each of several materials at different
and known densities and establishing a rela-
tionship between count rate and density. Suf-
ficient data should be taken at each density 10
ensure a precision of at least twice the normal
precision obtained in field use. Calibration can
be accomplished by either laboratory or field
methods. Laboratory methods are recom-
mended due to the higher inherent accuracy of
laboratory standards and instruments as op-
posed to field methods which require the vol-
ume measurement of an excavated hole.

Nott |—Different chemical compositions of the
blocks or other materials can affect the count rate.
Calibration curves may not be applicable to materials
not represented in establishing the calibration curve.

4.1.1 Laboratory calibration should involve
the use of a minimum of five homogeneous
blocks sufficiently large to represent an infinite
volume to the nuclear instrument. The density
of these standards shall be determined to an
accuracy of £0.2 % (+0.3 Ib/fi" at 160 Ib/fi" or
+5 kg/m” a1 2565 kg/m"). Three of the stand-
ards shall be constructed of materials having
gamma mass attenuation coefficients within
+1.0 % of each other over the range of gamma
energy utilized by the gage for density mea-
surement. These standards will be used 1o es-
tablish the gage response to density variations
in the range from 100 w0 170 1b/ft’ (1600 10
2725 kg/m®). The last two standards shall be

materials that equally bracket the gamma mass
attentuation coefficient of soils. Suggested ma-
terials are limestone and granite. The gage
response will then be rotated about the zero
density point on a plot or graphical represen-
tation such that it falls halfway between the
limestone and granite data. This final response
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wore than 3 % from the nuclear density and
wme of the ficld densities are greater and some
kss than the nuclear density, then adjustment
ofthe calibration is not necessary.

42.2 If all of the field tests are more or all
kss than the nuclear density and the average
tfthe difference exceeds | %, then adjust each
wbsequent nuclear density by the average dif-
ference.

423 The average difference found in 4.2.2
may be used to determine a new calibration
msponse. Either rotation about a zero point or
wostant offset from the original calibration
1y be used.

Note 3—Adjusting calibrati i .
mwmk and ilJ shouFd be allé:gl::r::slylsb; lclft;'s‘e

sowledgeable in this field. Most manufacturers
abet provide this service or will offer assistance to

will be used in the field for measurement.

4.1.2 Field calibration may be used wher
laboratory calibration facilities are not avail
able or where it becomes necessary to calibrate
the instrument for materials that chemicallyare
different than soils. A minimum of ten field
tests should be used for establishing calibration
by the field method so that a range of densities
and materials will be represented. The sand-
cone method in accordaice with Test Method
D 1556 or the rubber-balloon method in accord
ance with Test Method D 2167 may be used to
determine the wet range of density of carefully
selected field sites on which density data hawe
been previously determined. As an alternativ,
nuclear data can be obtained on prepared con
tainers of soil and soil-aggregate compacted to
known densities. The containers must be suff
ciently large to represent an infinite volume
the nuclear instrument. Data from either of these
methods may be used to establish a new gag
response by visually fitting a line to a plot of gage
response 10 density over the range of densitis
found in the samples. It is more desirable to uz
the latter data. to rotate the faboratory calibratios
in 4.1.1. or a constant offset from this laboratory
calibration. to fit the field data. Extreme car
must be exercised in the determination of wa
density in either the ficld sites or prepared coo-
tainers. Because of the variability and scatie
inherent in field tests and container preparalios
and compaction. this method is considered ks
accurate than techniques using  calibratios
blocks.

Noir 2--Use of blocks is advantageous becaus
. they are durable and provide stable density refer
ences. Blocks and prepared containers must be lage
enough not to change the observed count rate (&
count ratio) if made larger in any dimensions. D
mensions of approximately |2 in. (300 mm) width
14 in. (360 mm) depth by 22 in. (560 mm) len
have proven satistactory for equipment now avait
able. For calibration of backscatter only. a depthd
not less than 9 in. (230 mm) is adequate.

e user.

& System Specifications

51 Any equipment that is used under the

equirements of this method shall satisfy the
bllowing specifications:
. 5.l.l.Precision—Precision of the system is
determined from the slope of the calibration
mponse and the statistical deviation of the
wuat for the recommended period of measure-
went, which shall be at least | min:

P=gq/S (N
shere:
P = precision,
¢ = standard deviation, counts per measure-
ment period, and
§ =slope, A counts per measurement peri
(1b/8% or (kg/m, period/
5.1.1.1 Determine the slope of the counts per
scasurement period at a unit weight of 125 b/
! l’.(2000 kg/m"). This can usually be deter-
wied from the calibration response and must
:rlhc lhruc counts from the detector system
ore the display. Determi
R 4.2 CTh;Ckmlgb and dA df“f‘“"'g f“’ib’ax sasurement gcri)cl)d at the sannc\elgincs?(uynl;; {)::
ara— The calibration data for newly acqu .
instruments, instruments for which the calibar ;_me method. The precision can be calculated
tion is more than one year old. or instrumeas
that have been damaged and repaired may i
checked by using the method of 4.1.2. A mizr
mum of ten field tests must be used to compar
with the existing calibration data in ordetw
justify changing the calibration.
4.2.1 If each of the field tests varies by oa

P=VC/PC/S (2)

Te:

= precision,

= counts per measurement period,

=slope, A counts per measurement pe-
riod/(1b/ft*) or (kg/m”). and

= amount of prescale (Note 4) applied to

( [ l [ |
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the detector counts prior to display. The
manufacturer will supply this value. If
no prescale is built into the equipment,
the value is 1.

NoOTE 4—The value of prescale is the aumber b
which thg total count rate of the detector(s) is divirdcz
before display on the readout to eliminate the need
for displaying non-sngniﬁcanl digits. The value of P
al a density of 125 1b/ft’ (2000 kg/m?) shall be no
greater than £1.0 1b/ft* (216 kg/m®) for the back-
scatier methods nor greater than £0.35 Ib/N° (6 kg/
m”) for direct transmission method.

5.L.1.21f 5.1.1 cannot be performed as
a!:foye, the precision can be computed by deter-
mining the standard deviation of at least 20
repetitive measurements (gage not moved after
(pc first measurement) of material having den-
sity of 125.0 + 5.0 1b/ft* (2000 + 80 kg/m?). In
order to perform this procedure, the resolution
of the count display, calibration response, or
other method of displaying density must be
ecgl;al to or better than £0.1 Ib/A* (+1.6 kg/
m°),

5.1.2 Chemical Error—The error due to
chapges in chemical composition of materials
having gamma mass attenuation coefficients
less than those of granite or greater than those
of limestone shall be not greater than +2.5 %
of backscatter methods and £1.2% for direct
transmission with the source at a depth of 6 in.
(150 mm),

5.1.2.1 If the instrument was originally cali-
brated by the method described in 4.1.1, then
lhg chemical error can be easily determined by
using the standard block data which was taken
to determinc the gage response. Using the gage
count rate on the limestone standard and the
cahb.rated gage response, determine the gage
density of the limestone standard. This will
normally be higher than the true density. Com-
pute the percent error. Repeat the same proce-
dure for the granite standard. This will nor-
mally be lower than the true density. The dif-
ference between the two percent errors (taking
into account the sign of the error) divided by

two will equal the chemical error.

5.1.2.2 If the gage was calibrated by some
means other than 4.1.1 or if the original cali-
bration data are not available, then other means
must be used to determine the chemical error.
Using the procedure of 5.1.2.1, the relative
densities of the limestone and granite standard
blocks were not important, but using this pro-
cedure the standards should preferably be
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within 5 1b/ft* (80 kg/m®) of each other in
order o eliminate the possibility of an improper
calibration which could cause good accuracy
and small chemical error at the limestone and
granite density but with large errors at all other
densities. A high-density limestone or marble
standard is suggested. First measure the density
and compute the percent error on each stand-
ard. The chemical error is then the difference
between the two errors divided by two. The
sum of the two errors represents the calibration
accuracy.

5.1.3 Surface Roughness Error—The error
caused by a 0.050-in. (1.3-mm) air gap intro-
duced between the base of the gage and the
surface of the material being measured should
cause an error of no more than 4% in the
backscatter method nor more than 1% in the
direct-transmussion method with the source
placed at a 6-in. (150-mm) depth. Older models
of instruments currently in use may not meet
this requirement. The users can minimize the
effects of surface roughness by careful site prep-
aration.

5.1.3.1 The effect of surface roughness can
be measured by placing the instrument on a
smooth flat surface after cleaning both the sur-
face and the gage base and measuring the
density. Nexl, elevate the gage by placing
0.050-in. (1.3-mm) spacers between the gage
base and the material surface in such a way as
to not interfere with the gage measurement
zone. Remeasure the apparent density; the dif-
ference represents the gage error.

6. Safety Precaution

6.1 This equipment utilizes radioactive ma-
terials which may be hazardous to the health
of the users, unless proper precautions’ are
taken. Users of this equipment must become
completely familiar with possible safety haz-
ards and with all applicable government regu-
lations. Effective operator instruction together
with routine safety procedures such as source-
leak tests, recording and elevation of film badge
data. use of survey meters, eic., are an essential
part of the operation of equipment of this type.

7. Apparatus

7.1 The apparatus may consist of items 1o
perform Method A—Backscatter, Method B—
Direct Transmission, or a combination of both.

( [ [ [ [ | [ ( I
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#eequipment and shall meet the U.S. Depart-
mat of Transportation requirements in Title
8 of the Code of Federal Regulations. The
aterior of the case shall contain all labels
equired by the regulations and radiation levels
dall meet the “Yellow 11" standards.

Items listed are common to both appans
except where noted as Method A or Methodl
only. Apparatus for Method C— Air Gap (o
tional) is detailed in Section 11.

7.2 Gamma Source—An encapsulated ad
sealed radioactive source meeting the specik
form requirements of Title 49 of the Coded
Federal Regulations.

7.3 Gamma Detector— Any suitable type.

7.4 Readout Device—A suitable scaler wik
a resolution and range to display counts ova
the range of density for which the appanis
will be used. Usually the scaler will also conti
other electronic devices and the necessary elee
trical power for operation,

7.5 Housing—The source. detector, readow
device. etc., shall be in housings of rugg
construction that are moisture- and dustproo
For Method B use. the housing shall contain:
means of locating either the source of detecta
at a distance of 2 10 12 in. (50 to 300 mm) ine
a preformed hole in the material to be tested
The probe containing the source or deteca
shall be sufficiently rigid so as to maintains
constant distance along the measuring pat
length and also contain markings to indic
the depth to which the probe has been placed

Note 5—The gamma source, detector, reados|
device. and power supply may be housed separaidh
or combined and integrated with a nuclear moistum,
measuring sysiem.

7.6 Reference Standard— A device that in
lates the instrument and provides a means
allowing the instrument to make a measu
ment that is constant within the reproducibilly
of the system. All calibrations will be made
a ratio to the reference standard count and
field measurements will be taken as a ratio
the reference standard couni.

1.7 Site-Preparation Devices:

7.7.1 Method A equipment shall include
flat plate straightedge, or other suitable tool
be used to level the test site to the requi
smoothness.

7.7.2 Method B equipment shall, in additia
10 the above, include a hole-forming devia
such as an auger or pin having a nomisd
diameter equal to or up 10 % (3 mm) lang
than the probe and also a guide 10 ensure the
the hole is perpendicular to the test site surfag

7.8 Transport Case—Each sysiem shall i
clude a shipping and transport case to hous,

1 Standardization

&1 All nuclear density instruments are sub-
gt to long-term aging of the radioactive
wurce, detectors, and electronic systems. which
may change the relationship between count
nieand density. To offset this aging. all instru-
sents are calibrated as a ratio of the measure-
peot count rate to a count rate made on a
ference standard. The reference count rate
should be in the same order of magnitude or
Mgher than the range of measurement count
atesover the useful density range of the equip-
oent.

82 Standardization of equipment on the ref-
erence standard is required at the start of each
day'suse and a permanent record of these data
sould be retained.

; 83 Turn on the equipment and allow for
mblization of the equipment in accordance
with the manufacturer's recommendations.

b 84 Take at least four repetitive readings at
the normal measurement period and obtain the
pean. If available on the instrument, one mea-
surement at a period of four times the normal
period is acceptable. This constitutes one stan-
drdization check.

. 85 If the value obtained above is within the
Emits set by Eq 3, the equipment is considered
obe in satisfactory condition and may be used.
the value obtained is outside the limits set by
Eq 3, another standardization check should be
oade. If the second standardization check is
within the limits, the equipment may be used;
butif it also fails the test, the equipment should
e checked as recommended by the manufac-
wrer and the calibration checked (4.2) or re-
alibrated, or both.

N,= N, %20 VN.JPC 3)

where:

N, = value of current standardization check
(8.4) on the reference standard (7.6).

X, = average of the past four values of N,
taken for prior useage, and

#C = amount of prescale applied to the detec-
tor counts prior to display. The manu-
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facturer will supply this value. If no
prescale is built into the equipment, the
value is 1.

8.6 The value of N, (8.4) will be used to
determine the count ratios for the current day’s
use of the equipment. If, for any reason, mea-
sured densities become suspect during the day's
use, another standardization should be per-
formed.

NoTe 6—If the instrument is 1o be used either
continuously or intermittently during the day, it is
generally best to leave it in the “power on™ or
“standby" condition during the day to {srcvem having
to repeat the standardization. This will provide more
stable, consistent results.

Note 7—Standardization shall be performed in
accordance with the manufacturer’s recommenda-
tions and away from other radioactive sources, large
masses of metal or vertical objects, free water, or
other items that can affect the gage readings.

9. Procedure, Method A—Backscatter

9.1 Standardize the instrument (Section 8).

9.2 Select a test location where the gage in
test position will be at least 9 in. (230 mm)
away from any vertical projection.

9.3 Prepare the test site in the following
manner:

9.3.1 Remove all loose and disturbed mate-
rial and additional material as necessary to
expose the top of the material to be tested.

Note 8—The spatial bias should be considered in

determining the depth at which the gage is to be
seated.

9.3.2 Prepare a horizontal area sufficient in
size to accommodate the gage, by planing the
area to a smooth condition so as to obtain
maximum contact between the gage and ma-
terial being tested.

9.3.3 The maximum void beneath the gage
shall not exceed approximately % in. (3 mm).
Use native fines or fine sand to fill these voids
and smooth the surface with a rigid plate or
other suitable tool.

Note 9—The placement of the gage on the sur-
face of the material to be tested 15 critical to the
successful determination of density. The optimum
condition is total contact between the bottom surface
of the g_age and the surface of the material being
tested. This is not possible in all cases. To correct
surface irregularities, use of native fines or sand as a
filler is necessary. The depth of the filler should not
exceed approximately % in. (3 mm) and the total area
filled should not exceed 10 % of the bottom area of
the gage. Several trial seatings may be required to
achieve these conditions.
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9.4 Proceed with the test in the following
manner:

9.4.1 Seat the gage firmly.

9.4.2 Keep ali other radioactive sources
away from the gage to avoid affecting the mea-
surement

9.4.3 Secure and record one or more read-
ings for the normal measurement period.

9.4.4 Determine the ratio of the reading to
the standard count (9.1). From this ratio and
the calibration, determine the in-place wet den-
sity.

NoTe 10—Some instruments have built-in provi-

sions 10 compute the ratio, compute the in-place wet
density, and display it to the operator automatically.

10. Procedure, Method B — Direct
Transmission

10.1 Standardize the instrument (Section 8).

10.2 Select a test location where the gage in
test position will be at least 9 in. (230 mm)
away from any vertical projection.

10.3 Prepare the test site in the following
manner:

10.3.1 Remove all loose and disturbed ma-
terial, and remove additional material as nec-
essary 10 expose the top of the material to be
tested.

10.3.2 Prepare a horizontal area, sufficient
in size to accommodate the gage, by planing
the area of a smooth condition so as to obtain
maximum contact between the gage and ma-
terial being tested.

10.3.3 The maximum void beneath the gage
shall not exceed approximately % in. (3 mm).
Use native fines or fine sand to fill these voids
and smooth the surface with a rigid plate or
other suitable tool. The depth of the filler
should not exceed approximately % in. (3 mm).

10.3.4 Make a hole perpendicular to the pre-
pared surface using the guide and the hole-
forming device (7.6.2). The hole shall be of
such depth and alignment that insertion of the
probe will not cause the gage 1o tilt from the
plane of the prepared area. The depth of the
hole must be at least 2 in. (50 mm) deeper than
the depth to which the probe will be placed.
The guide shall be the same size as the base of
the gage, with the hole in the same location on
the guide as the probe on the gage. The corners
of the guide are marked by scoring the surface
of the soil.
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10.4 Proceed with testing in the followin
manner:

10.4.1 Set the gage on the soil surface, cane
fully aligning it with the marks so that te
probe will be directly over the pre-formed hok

10.4.2 Insert the probe in the hole.

10.4.3 Seat the gage firmly by rotating i
about the probe with a back and forth motiow

10.4.4 Pull gently on the gage in the diree
tion that will bring the side of the probe againg
the side of the hole closest to the detector (&
source) location in the gage housing.

10.4.5 Keep all other radioactive sours
away from the gage to avoid affecting the mes
surement.

10.4.6 Secure and and record onc or mo
readings for the normal measurement period.

10.4.7 Determine the ratio of the reading
the standard count (10.1). From the ratio ad
the calibration, determine the in-place wet des
siy.

11. Procedure, Method C—Air Gap (Options)
11.1 If the nuclear gage errors due to cab

bration using materials with different chemicd

composition are in excess of maximum erms
listed in 5.2, the air-gap method should b
employed. It should be noted that the requind
use of two different site measurements msy
decrease the precision due to the statistics
the air gap measurement.

11.2 Apparatus:

11.2.1 All apparatus described in Sectioal,

11.2.2 Cradle or Spacers, to support the 1
at the optimum air gap above the materd
being tested. The cradles or spacers shall bes
designed as to support the gage at oplimus
height without shielding the base of the gag
Figure | shows a typical air-gap cradle tha
demonstrates the principle. The cradle shom
in Fig. | is not the only satisfactory methol|
Other methods which support the gage at e
optimum air gap without shielding the base
the gage are satisfactory.

NOTE 11—Air-gap calibration curves and o/

mum air gap may be furnished for each gage byds
manufacturerand can be readily checked by the vt/

11.3 Determination of Optimum Air Gep—
To determine the optimum air gap for use
the air-gap method, proceed as follows:

11.3.1 Use three or more different areasa
which to make determinations. These ares
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may be either blocks (4.1.1) or field sites of
ompacted soil or soil-aggregate on which den-
sly data have been previously determined
{4.1.2) or alternative prepared containers of soil
orsoil-aggregate compacted to known densities
{4.1.2). The density of materials at the selected
areas should vary through a range including
the densities of the materials which will be
lested.

11.3.2 Place the density gage over the test
area, Support the gage by blocks placed at the
atreme edges of the gage 5o as not to obstruct
the space between the bottom of the gage and
the surface of the test area.

11.3.3 Take and record readings for two nor-
aal measurement periods in counts per minule
ad determine the average of the readings.

11.3.4 By adding additional blocks or
spacers, increase the air gap by % in. (6.3 mm).
Take and record, and average readings for two
uditional normal measurement periods.

11.3.5 Continue increasing the air gap by
mcrements of Y in., securing average readings
foreach air gap (11.3.3) until there is a decrease
in the counts per minute readings with an
increase in air gap.

11.3.6 On an arithmetic scale. plot counts
per minute as the ordinate versus each air gap

(in inches or millimetres) and draw a smooth

curve through the resulting points. Record the
peak air gap determined at the peak of the
turve.

11.3.7 Repeat procedures 11.3.2 through
11.3.6 over two or more additional areas of
materials of different density. and record the
peak air gap for each area.

11.3.8 Determine the average of the peak air
gaps determined on all areas. This is the opti-
mum air gap. Use the optimum air gap for
establishing the calibration curve for the air-

' gap method, and for all determinations of den-

sity by the air-gap method.

11.4 Procedure:

11.4.1 Standardize the instrument.

11.4.2 Select a test location where the gage
in test position will be at least 12 in. (300 mm)
away from any vertical projection. Plan suffi-
tient area to accommodate the gage and cradle.

11.4.3 Prepare the test site in the following
manner: .

11.43.1 Remove all loose and disturbed ma-
terial, and additional material as necessary to
expose the top of the material 1o be tested. (See
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Note 8.)

11.4.3.2 Prepare a horizontal area, sufficient
in size 10 accommodate the gage and cradle, by
planing the area to a smooth condition so as to
obtain maximum contact between the gage and
material being tested.

11.43.3 The maximum void beneath the
gage shall not exceed approximately % in. (3
mm). Use native fines or fine sand 1o fill these
voids and smooth the surface with a rigid plate
or other suitable tool.

Notk 12—The air-gap method requires taking
one or more readings in both the backscatter position
and the air-gap position. The placement of the gage
on the surface of the material (o be tested is critical
1o the successful determination of density. The opti-
mum condition is total contact between the bottom
surface of the ﬁage and the surface of the material
being tested. This is not possible in all cases and to
correct surface irregularities use of sand or similar
material as a fitler is necessary. The depth of the filler
should nol exceed approximately % in. (3 mm) and
the total area filied should not exceed 10 % of the
bottom area of the gage. Several trial seatings may
be required to achieve these conditions.

11.4.4 Proceed with the test in the following
manner:

11.4.4.1 Seat the gage firmly.

11.4.4.2 Keep all other radioactive sources
away from the gage to avoid affecting the mea-
surement so as not to affect the readings.

11.4.4.3 Secure and record one or more read-
ings for the normal measurement period in the
backscatter position.

11.4.4.4 Place the cradle, set at optimum air
gap. on the test site, and place the gage on the
cradle so that the gage is directly over the same
site used for backscatter rcading. When a di-
rect-transmission type gage is used, set the
probe in the retracted or backscatter position
for this reading.

11.4.4.5 Take the same number of readings
for the normal measurement period in the air-
gap position as in the backscatter position
(11.4.4.3).

11.4.4.6 Determine the air-gap ratio by di-
viding counts per minute obtained in the airgap
position (11.4.4.5) by counts per minute ob-
tained in backscatter position (11.4.4.3).

11.4.4.7 Determine the in-place wet density
by use of the applicable calibration curve pre-
viously established.

Noty 13---The air-gap ratio may be determined

by dividing counts per minute obtained in the back-
scalter position by counts per minute obtained in the
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air-gap position or vice versa. Whichever ratio is used,
a calibration curve using the same ratio must also be
used.

12. Determination of Dry Density

12.1 To obiain dry density. use one of the
following alternative methods:

12.1.1 If the water content is determined by
nuclear methods, Test Method D 3017, subtract
the pounds per cubic foot (kg/m?*) of moisture
from the pounds per cubic foot (kg/m?®) of wet
density. and obtain dry density in pounds per
cubic foot (kg/m?).

12.1.2 If the water content is determined by
other methods, such as oven drying. Method
[ 2216, carbide method. etc., and is in the form
of percent, proceed as follows:

pa = [om/(w + 100)] x 100 4)

where:

pa = dry density, Ib/ft* (kg/m?),

pm = wet density, Ib/ft* (kg/m?), and
w = percent moisture in the specimen.

13. Report

13.1 The report shall include the following:
13.1.1 Location.

13.1.2 Elevation of surface.

13.1.3 Visual description of material.
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13.1.4 Identification of 1est equipmen
(make, model, and serial number),

13.1.5 N, average of the past four valuesof
N, taken for prior usage,

13.1.6 M., value of the current standardiza-
tion check (8.3) on the reference standard (7.5),
and the method and date of standardization,

13.1.7 Count rate for each reading,

13.1.8 Count ratio,

13.1.9 Wet density.

Nott 14—The count rate for each read
(13.1.7) and the count ratio (13.1.8) may be omil::s
from the report for instruments that have built-s

provisions to take the ratio, compute the in-placewa
density, and display it to the operator automatically.

14. Precision and Accuracy

14.1 The precision and accuracy of ths
standard has not been determined. No methods
are available that provide absolute values of
the density of soil or soil-aggregate mixturesia
place against which these methods can be com-
pared. The variability of soil does not permi
duplication of test results for obtaining a mean-
ingful statistical evaluation. Accuracy is a func
tion of the care exercised in performing b
calibrations and steps of the test and of the
variability of the material being tested.

L
,/’1

Welded metal approx. 1 by 1 by '~in. (254 by 25.4 by 3.2

mm) angle

FIG. 1 Typical Air-Gap Cradle

APPENDIX

X1. NOTES ON THE NUCLEAR TEST

X1.1 The equipment used in this method is of the
surface type as opposed to that designed for use in
deep borings. In general. and neglecting the associ-
ated electronics. this equipment consists of three
principal elements: (/) a nuclear source emitling
gamma rays, (2) a detector sensitive 10 these rays as
they are modified by passing through the material

being tested. and (3) a counter or scaler with prow
sions for automaltic and precise timing, {or determis
ing the rate at which the modified gamma rays arniw
at the detector. While rate meters are suitable, s
principle. scalers are commonly used. In general,an
source of gamma rays that are sufficiently numerom
and properly energetic can be used in measuring te

iy

dasity of soil and soil-aggregate. Source stability
wihtime, in terms of half-life, is an important design
wasideration and the sources most commonly used
e cesium-137 and radium-226. The two detectors
must commonly used are gas-filled tubes of the
Geiger-Middler type and scintillation crystals. usually
dswdivm-iodide. Detectors of the latter 1ype offer
e potential of electronically varying the range of
mergies of the gamma rays that are counted. With
duectors of the Geiger-Milller type. this range is
fred in the design. For most available equipment,
& source-detector geometry is fixed for backscatter
pges and is adjustable to various preselected depths
W direct transmission gages.

X1.2 Measurements are made using gamma rays
datlargely reflect at reduced energy by scattering in,
by, direct transmission through the material under
wt In backscatter, the rays are emitted into the
alerial from near its surface and some are deflected
areduced energy back to the detector, largely by
Compton scattering. In direct transmission the source
w detector is inserted in the test materials and, in
tuairast to the backscatter method, some of the emit-
wd and unshielded rays can presumably follow a
snight-line path to the detector. In either source-
detector arrangement, the number of rays reaching
8¢ detector is, over-all, a nonlinear function of the
dasity of the material being tested. For the usual
nage of soil and soil-aggregate densities the relation-
&ip is such that the higher the density of a given
aaterial, the lower the count rate.

X1.3 The determination of density by the nuclear
means of this method is indirect. To date no theoret-
ial approach has been developed that predicts the
tount rate for given equipment, geometry, material,
1d density. As a result, the relationsip between
material density and nuclear-countrate is determined
by correlation tests of materials at known average
deasities. Individual equipment manufacturers sup-
Py » calibration curve with each set of their equip-
ment. It has been found that these curves do not
acessarily hold for all soils and soil-aggregates be-
ause of differences in chemical composition. Appas-
@i variations in calibration may also be induced by
@fferences in seating, in background count, and other
st variations. Because of these considerations, pro-
visions are included in this method for checking for
wriations or changes. Different approaches may be
wed in checking calibration and those in more gen-
aluse are given. For good practice, these calibration
procedures should be followed with newly purchased

ipment and with major component replacements

in-service equipment.

X14 The density determined by this method is
the wet or total density. It should be noted that the
wiume of soil or soil-aggregated represented in the
measurements is indeterminate and will vary with
e source-detector geometry of the equipment used
ad with the characteristics of the material tested. In
gaueral, and with all other conditions constant, the
wore dense the material, the smaller the volume
wvolved in the measurement. The density so deter-
ained is not necessarily the average density within
e volume involved in the measurement. Although
fx the usual surface backscatter test equipment and
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materials the Fages are influenced by 6 to 7 in. (150
to 175 mm) of material, the top 1 in. (25 mm) of the
material determines about one half of the measured
count rate with the result that the observed density is
largely determined by the density of the upper layers.
For usual density conditions, the total count is largely
determined by the upper 3 to 4 in. (75 to 100 mm) of
soils and soil-aggregates. Where these materials are
of uniform density, this characteristic of this method
is of no effect. With direct-transmission gages the
effect of vertical density variations may elimi-
nated. Other problems, however, can be introduced
in the mechanics of inserting the source or the detec-
tor.

X1.5 The number of gamma rays emitted from a
given source over a given time period are statistically
random and follow a Poisson distribution. Because
of this, the actual number of modified rays that are
detected and counted in the density-measuring proc-
ess should be sufTiciently large to minimize the prob-
ability that the observed count reflects unacceptable
variations. This is reflected in the standard deviation
which is the square root of the total count. The over-
all system accuracy in determining densities is also
statistical in nature and appears to vary with the
equipment used, the test conditions of laboratory
versus field, as well as with materials and operators.
Because of these variables, it is not possible to give
precise numbers for system accuracy and precision of
these methods. lt is believed, however, that if the
procedures herein are carefully followed, the stand-
ard deviation of the nuclear measured values, in
terms of accuracy, will not be preater than on the
order of some 3 &/n’ (50 kg/m"). In terms of preci-
sion or repeatability, determined without moving the
test equipment, this should not be greater than on the
order of 1 1b/ft° (20 kg/m?).

X1.6 One of the most commonly used sources,
cesium-137, is man made and as such its use is
regulated by the Federal Government through the
Atomic Energy Commission as well as by some state
and local governments. Because radium is a naturally
occurring material, its use is not now regulated by
the Federal Government but is by some state and
local governments. Among others, the objectives of
these regulations are the use of radioactive materials
in a manner safe to the operator and all others.
Attention is directed to Section 6, Safety Precaution.

X1.7 The in-place nuclear density tests of this
method offer several advanitages over the older con-
ventional methods (sand-cone, rubber-balloon, etc.),
panticularly in tests performed for the continuing
control of construction. Among these, perhaps the
principal advantage is the relative ease with which
the test can be performed, thus frecing the operator
from the physical tasks of digging holes and collecting
and weighing bulky samples. However, it sacrifices
the opportunity to examine the soil in depth. If
information is sought on in-place densities only, and
test determinations of maximum density are not in-
volved, many more tests can be performed per day
than by the older methods. In addition, apparently
erratic measurements can be immediately detected
and checked since the nuclear tests are more nearly
nondestructive. These advantages accrue to organi-
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zations that are engaged in density measurements on
a more or less continyous basis. Organizations thal
make infrequent or occasional density determinations
may find that the advantages of the nuclear method

D 2922

can be offset by maintenance and start-up cosiden
tions such as periodically charging batteries, mais
taining radiation exposure records, etc.

The American Society for Testing and Materials 1akes no position respecting the validity of any patent rights asserted
connection with any: item mennoned in this stundard. Users of thix stundard are expressiy advised that determination of the validn
of any such patent rights, and the risk of infringement of such righis, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five pan
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this stundard or for additiod
standards and should be addressed to ASTA Headyuariers. Your commenis will receive carefid consideration at a meeting of ke
responsible technical committee, which you may attend. If vou feel that your comments have not received a fair hearing you shoud
make your views known (0 the ASTM Commiitee on Standards. 1916 Race Si.. Philadelphia. Pa. 19103,
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4 Designation: D 2936 ~ 84

Standard Test Method for

DIRECT TENSILE STRENGTH OF INTACT ROCK CORE

SPECIMENS"

Ths standard is issucd under the fixed designation D 2936: the number immediately following the designation indicates the year of
angnal adoption or. in the case of revision. the vear of last revision. A number in parentheses indicates the year of last reapproval
Asperscnipt epsilon (¢) indicates an editonal change since the last revision or reapproval.

l. Scope

1.1 This test method covers the determination
o the direct tensile strength of intact cylindrical
nck specimens.

1.2 The values stated in inch-pound units are
o be regarded as the standard.

1.3 This standard may involve hazardous ma-
wrials, operations, and equipment. This standard
oes not purport 10 address all of the safety prob-
bms associated with its use. It is the responsibil-
oy of whoever uses this standard to consult and
sublish appropriate safety and health practices
wddetermine the applicability of regulaiory limi-
wlions prior 10 use.

L Applicable Documents

21 ASTAM Standards:

E 4 Practices for Load Verification of Testing
Machines®

E 122 Recommended Practice for Choice of
Sample Size to Estimate the Average Quality
of a Lot or Process®

1. Significance and Use

3.1 Rock is much weaker in tension than in
ompression. Thus, in determining the failure
wndition for a rock structure, many investigators
aploy the tensile strength of the component
wck as the failure strength for the structure,
Direct tensile stressing of rock is the most basic
wst for determining the tensile strength of rock.

{ Apparatus

4.1 Loading Device. 10 apply and measure
wial load on the specimen., of sufTicient capacity
o apply the load at a rate conforming to the
rquirements of 6.2, The device shall be verified

at suitable time intervals in accordance with the
procedures given in Practices E 4 and shall com-
ply with the requirements prescribed therein.

4.2 Caps—Cylindnical metal caps that, when
cemented to the specimen ends, provide a means
through which the direct tensile load can be
applied. The diameter of the metal caps shall not
be less than that of the test specimen, nor shall it
excecd the test specimen diameter by more than
0.0625 in. (1.6 mm). Caps shall have a thickness
of at least 1% in. (32 mm). Caps shall be provided
with a suitable linkage system for load transfer
from the loading device to the test specimen. The
linkage system shall be so designed that the load
will be transmitted through the axis of the test
specimen without the application of bending or
torsional stresses. The length of the linkages at
cach end shall be at least two times the diameter
of the metal end caps. One such system is shown
in Fig. 1.

NoTe |—Roller or link chain of suitable capacity
has been found to perform quite well in this application.
Because roller chain flexes in one plane only, the upper
and lower segments should be positioned at right angles
1o cach other to effectively reduce bending in the spec-
imen. Bali-and-socket, cable, or similar arrangements
have been found to be generally unsuitable as their
tendency for bending and twisting makes the assembly
unable 10 transmit a purely direct tensile stress to the
test specimen.

' This test method is under the jurisdiction of ASTM Com-
mittee D- 1% on Soil and Rock and is the direct responsibility of
Subcommittce D18.12 on Rock Mechanics.

Current edition approved Sept. 28, 1984. Published Novem-
ber 1984, Onginally published as D 2936 - 71, Last previous
cdition D 2936 - 7).

2 Annual Bewk of ASTM Standards, Vols 03.01,04.02.07.01.
and 08.01.

3 gnnual Book of ASTM Standards. Vol 14.02.



qgl.b Designation: D 1587 - 83

Standard Practice for

THIN-WALLED TUBE SAMPLING OF SoiLS’

1587: the number immediately following the designation indicates the year
of last revision. A number in pannuuaindiatulheyarofhsl capprovil &
) indicates an editorial change since the last revision or reapproval.

This standard is issued under the fixed designation D
original adoption or, in the casc of revision, the year
A superscript epsilon (¢

This practice has been approved Jor use by agencies of the Department of Defense and for listing in the DOD Index of Specification

and Standards.

1. Scope
1.1 This practice covers a procedure for using
a thin-walled metal tube to recover relatively
undisturbed soil samples suitable for laboratory
tests of structural properties. Thin-walled tubes
used in piston, plug, or rotary-type samplers,
such as the Denison or Pitcher, must comply
with the portions of this practice which describe
the thin-walled tubes (5.3).
Note 1—This practice does not apply to liners used
within the above samplers.
2. Applicable Documents
2.1 ASTM Standards:
D 2488 Practice for Description and Identifi-
cation of Soils (Visual-Manual Procedure)?
D 3550 Practice for Ring-Lined Barrel Sam-
pling of Soils?
D4220 Practices for Preserving and Trans-
porting Soil Samples

3. Summary of Practice

3.1 A relatively undisturbed sample is ob-
tained by pressing a thin-walled metal tube into
the in-situ soil, removing the soil-filled tube, and
sealing the ends to prevent the soil from being
disturbed or losing moisture.

4. Significance and Use

4.1 This practice, or Practice D 3550, is used
when it is necessary to obtain a relatively undis-
turbed specimen suitable for laboratory tests of
structural properties or other tests that might be
influenced by soil disturbance.

5. Apparatus

5.1 Drilling Equipment—Any drilling equip-
ment may be used that provides a reasonably
clean hole; that does not disturb the soil to be

sampled; and that.does not hinder the pe etrad
tion of the thin-walled sampler. Open borehold
diameter and the inside diameter of driven casin
or hollow stem auger shall not exceed 3.5 timés§
the outside diameter of the thin-walled tube, ¥

equate to provide a relatively rapid continugin

5.2 Sampler Insertion Equipment, shall be ad?

penetration force. For hard formations it may b€}
necessary, although not recommended, to drivé]
the thin-walled tube sampler.
5.3 Thin-Walled Tubes, should be manufac
tured as shown in Fig. 1. They should have ag
outside diameter of 2 to 5 in. and be made &
metal having adequate strength for use in the s 1
and formation intended. Tubes shall be cleas
and free of all surface irregularities including]
projecting weld seams.
5.3.1 Length of Tubes—See Table 1 and 6.
5.3.2 Tolerances, shall be within the limug
shown in Table 2. s
5.3.3 Inside Clearance Ratio, should be 1
or as specified by the engineer or geologist
the soil and formation to be sampled. Genera
the inside clearance ratio used should increa¥
with the increase in plasticity of the soil beings
sampled. See Fig. { for definition of inside clea
ance ratio. .
5.3.4 Corrosion Protection—Corrosiof
whether from galvanic or chemical reaction, G
damage or destroy both the thin-walled tube and;
the sample. Severity of damage is a function

&

' This practice is under the jurisdiction of ASTM Commitick]
D-18 on Soil and Rock and is the direct responsibility i
Subcommittee D18.02 on Sampling and Related Ficld Testnl
for Soil Investigations.

Current edition approved Aug. (7, 1983. Published Octovd
1983. Originally published as D 158758 T. Last previous btz
tion D 1587-74.

* gnnual Book of ASTM Standards, Vol 04.08.
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time as well as interaction between the sample
and the tube. Thin-walled tubes should have
some form of protective coating. Tubes which
will contain samples for more than 72 h shall be
coated. The type of coating to be used may vary
depending upon the matetial to be sampled.
Coatings may include a light coat of lubricating
oil, lacquer, epoxy, Teflon, and others. Type of
coating must be specified by the engineer or
geologist if storage will exceed 72 h. Plating of
the tubes or alternate base metals may be speci-
fied by the engineer or geologist.

5.4 Sampler Head, serves to couple the thin-
walled tube to the insertion equipment and, to-
gether with the thin-walled tube; comprises the
thin-walled tube sampler. The sampler head shall
contain a suitable check valve and a venting area
to the outside equal to or greater than the area
through the check valve. Attachment of the head
to the tube shall be concentric and coaxial to
assure uniform application of force to the tube
by the sampler insertion equipment.

6. Procedure

6.1 Clean out the borehole to sampling ele-
vation using whatever method is preferred that
will ensure the material to be sampled is not
disturbed. If groundwater is encountered, main-
1ain the liquid level in the borehole at or above
ground water level during the sampling opera-
tion.

6.2 Bottom discharge bits are not permitted.
Side discharge bits may be used, with caution.
Jetting through an open-tube sampler to clean
out the borehole to sampling elevation is not
permitted. Remove loose material from the cen-
ter of a casing or hollow stem auger as carefully
as possible 1o avoid disturbance of the material
10 be sampled.

Note 2—Roller bits are available in downward-
jetting and diffused-jet configurations. Downward-jet-
ting configuration rock bits are not acceptable. Diffuse-
jet configurations are generally acceptable.

6.3 Place the sample tube so that its bottom
rests on the bottom of the hole. Advance the
sampler without rotation by a continuous rela-
tively rapid motion.

6.4 Determine the length of advance by the
resistance and condition of the formation, but
the length shall never exceed 5 to 10 diameters
of the tube in sands and 10 to 15 diameters of
the tube in clays.

Note 3—Weight of sample, laboratory handling ca-

pab_ilitic_:., tunspomt_ion problems, and commercial
availability of tubes will generally limit maximum prac-
tical lengths to those shown in Table 1.

6.5 When the formation is too hard for push-
type insertion, the tube may be driven or Practice
D 3550 may be used. Other methods, as directed
by. t.he engineer or geologist, may be used. If
dnymg methods are used, the data regarding
wmght and fall of the hammer and penetration
achieved must be shown in the report. Addition-
ally, that tube must be prominently labeled a
“driven sample.”

6.6 In no case shall a length of advance be
greater than the sample-tube length minus an
allowance for the sampler head and a minimum
of 3 in. for sludge-end cuttings.

Note 4—The tube
of the sampie after pm::'ni ?seg:ptfdeu:.o shear bottom

6.7 Withdraw the sampler from the formation
as carefully as possible in order to minimize
disturbance of the sample.

7. Preparation for Shipment

7.1 Upon removal of the tube, measure the
length of sample in the tube. Remove the dis-
turbed material in the upper end of the tube and
measure the length again. Seal the upper end of
the tube. Remove at least 1 in. of material from
th? lower end of the tube. Use this material for
soil description in accordance with Practice
D 2488. Measure the overall sample length. Seal
the lower end of the tube. Alternatively, after
measurement, the tube may be sealed without
n;moval of soil from the ends of the tube if so
directed by the engineer or geologist.

Note 5—Field extrusion and packaging of extruded
samples under the specific direction of a geotechnical
engineer or geologist is permitted.

NOTE 6—Tubes sealed over the ends as opposed to
those sealed with expanding packers should contain
end padding in end voids in order to prevent drainage
or movement of the sample within the tube.

7.2 Prepare and immediately affix labels or
apply markings as necessary to identify the sam-
ple. Assure that the markings or labels are ade-
quate to survive transportation and storage.

8. Report

8.1 The appropriate information is required
as follows:

8.1.1 Narpe and location of the project,

8_.l.2 Boring number and precise location on
project,
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8.1.3 Surface elevation or reference to a da-
um,

8.1.4 Date and time of boring—start and fin-
ish,

8.1.5 Depth to top of sample and number of
sample,

8.1.6 Description of sampler: size, type of

metal, type of coating,
8.1.7 Method of sampler insertion: push or

drive,
8.1.8 Method of drilling, size of hole, casing,

and drilling fluid used,
8.1.9 Depth to groundwater level: date and

TABLE 1 Suitable Thin-Walled Steel Sample Tubes*

Outside diameter:

in. 2 3 5

mm 50.8 76.2 127
Wall thickness:

Bwg 18 16 1l

in. 0.049 0.065 0.120

mm 1.24 1.65 3.05
Tube length:

in. 36 36 54

091 091 1.45

m
Clearance ratio, % 1 1 1

2 The three diameters recommended in Tabie | are indicated
for purposcs of standardization, and are not intended to indicate
that sampling tubes of intermediate or larger diameters are not
acceptable. Lengths of tubes shown are illustrative. Proper
Jengths to be determined as suited to ficld conditions.

time measured, iy
8.1.10 Any possible current or tidal cffect on

water level, W

8.1.11 Soil description in accordance wif h!

Practice D 2488,
8.1.12 Length of sampler advance, and ,
8.1.13 Recovery: length of sample obtained. 4

9. Precision and Bias e, -

9.1 This practice does not produce nume ical

data; therefore, a precision and bias statement i
not applicable. .

Size Outside 2 3
Diameter
Outside diameter +0.007 +0.010
~0.000 —0.000
Inside diameter +0.000 +0.000
—0.007 -0.010
Wall thickness +0.007 +0.010
Ovality 0015 0.020
Straightness 0.030/ft 0.030/ft

4 Intermediate or larger diameters should be propo tions
Tolerances shown are essentially standard commercial maae}
facturing tolerances for scamless steel mechanical tubing. Specify
only two of the first three tolerances; that is, 0.D. and 1.D., 'or3
0.D. and Wall, or 1.D. and wall.

( ( ( ( [ ( ( [ (

¢€p o187
Length as Specified in Method
e ("min »
T
T
inside Clearance Ratio = 20'12' } dia (min}
e Mounting Holes

Note t—Minimum of two mounting holes ite si :

NoTe 2—Minimum of four mounting hduomwedn oppo::t:o.nﬁ e o, mpler

NoTE 3—Tube held with hardened screws, samplers 4in. and larger.

NoTE 4—Two-inch outside-diameter tubes are specil i
for “undisturbed samples.” Users are .dvu"‘ fied with an 18-gage wall thickness o comply with area ratio criteria accept
quantities. Sixteen-gage tubes are generally mdd";.: whm is difficult to locate and can be extremely exm in ,m::

Metric Equivalents

in. mm

%
6.7

o 127

2 25.4

50.8

> 289

1016

FIG. 1 This-Walled Tube for Sampling

The American S(_x:id y for Testing and Materials takes no position respecting the

with any item d in this standard. validity of i
’ i nis $ . Users of this standard are expressly advised 'y of any patent rights asserted in ?
natent rights, and the risk of infringement of such rights, are enlir:;; their a..:', respons ‘m ;la‘ ination of the validity oj'o:,m

This standard is subject to revision at ji ewed
ohis g ! at any time by the responsible technical committ f every
vandards and should be nddrem:l' l:uAh;;‘u v eadquayw . mcmnnmul”i’d i /a“wmt;:ﬁd;u; f;h::ra’ s
n-qzon:iblr technical commitiee, which m':al: atlend. ’;7’ Y/?e’l :mwill it o o “Ilean: fmwiﬁm,.
. ;e ‘ y '
make your views known to the ASTM Committee on Smnd?r::. I 9;?‘&” St. Philadzl’;? n: '7975;" «fair " W:“:{"l‘,;;
.. ia, Pa. .
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Standard Test Method for

DENSITY OF SOIL IN PLACE BY THE DRIVE-CYLINDER

METHOD'

1rh|s slurlnd:‘:rd 15 issued under the fixed qusignalion D 2937: the number immediately following the designation indicates the yu
of onginai :ldopllf)n or.in 1h_c case of revision. the vear of last revision. A number in parentheses indicates the vear of last reapprod
A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval. ’

This test method has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Spevificatios

und Standurds.

1. Scope

1.1 This test method covers the determination
of in-place density of soil by the drive-cylinder
method. The test method involves obtaining a
relatively undisturbed soil sample by driving a
thin-walled cvlinder and the subsequent activities
for the determination of in-place density. Two
procedures are described for this test, one for
testing at the surface, and one for testing at
greater depths.

1.2 This test method is not appropriate for
sampling organic soils. very hard soils which
cannot be easily penetrated. soils of low plasticity
which will not be readily retained in the cylinder,
or soils which contain appreciable amounts of
coarse or granular matenal.

1.3 This test method is limited to the proce-
dures necessary for obtaining specimens suitable
for determining the in-place density and water
content of certain soils. The procedures and pre-
cautions necessary for obtaining undisturbed
samples suitable for laboratory testing or other-
wise determining engineering properties is be-
yond the scope of this test method.

Note |—The general principles of this test method
have been successfully used to obtain samples of some
lield compacted fine-grained soils having a maximum
particle size of 4.75-mm for purposes other than density

determinations such as the testing for engineering prop-
criies.

1.4 Values may be stated in inch-pound,
gram-centimetre, or other units, provided the
appropriate conversion factors are used to main-
tain consistency of units throughout the deter-
minations and calculations.

1.5 This standard may involve hazardous ma-
terials, aperations, and equipment. This standard
daes nor purport o address all of the safery prob.

win organic, noncohesive, or friable soils. This
e method is not applicable to soft, highly plas-
&, or saturated or other soils which are casily
#ormed, or which may not be retained in the
&ive cylinder. The use in fine-grained soils con-
sining appreciable coarse material may not yield
saningful results and may damage the drive-
olinder equipment.

4 Apparatus

4! Drive Cylinders, with diameters of approx-
imately 2 10 5% in. (50 to 140 mm) or larger.
Typical details of two types of drive cylinders
vith outside diameters of 3.0 in. (76.2 mm) are

lems associated with its use. It is the responsibé
ity of whoever uses this standard to consult ad
establish appropriate safety and health practica
and determine the applicability of regulatory link

tations prior 10 use.

2. Applicable Documents
2.} ASTM Standards:

D653 Terms and Symbols Relating to Sa

and Rock?

D 698 Test Methods for Moisture-Density Re
lations of Soils and Soil- Aggregate Mixtura
Using 5.5-1b (2.49-kg) Rammer and 1248
(305-mm) Drop?

D 1557 Test Methods for Moisture-Densify
Relations of Soils and Soil-Aggregate Mix
tures Using 10-1b (4.54-kg) Rammer and 1¢
in. (457-mm) Drop?

D 2216 Method for Laboratory Determinatioa
of Water (Moisture) Content of Soil, Rod
and Soil-Aggregate Mixtures’

3. Significance and Use

3.1 This test method can be used to determix

the in-place density of natural, inorganic, fine
grained soils.

3.2 This test method may also be used i
determine the in-place density of compacted sok
used in construction of structural fill, highwyy
embankments, or earth dams.

3.3 This test method is not recommended fx

! This method is under the jurisdiction of ASTM Commite
D-18 on Soil and Rock and is the direct responsibility f
iubcommiuee D18.08 on Special and Construction Cootd

ests.

Current edition approved Nov. 28, 1983. Published Janumy
1984. Originally published as D 2937-71. Last previous edits
D 2937-71 {1976).

2 gnnal Book of ASTM Standards. Vol 04.08.

down in Figs. | and 2. Drive cylinders of other
&@meters will require proportional changes in
e drive-cylinder tube and drive-head dimen-
sons. The volume of the cylinders with the di-
pensions shown in Figs. 1 and 2 is approximately
001 ft* (283 cm?). The apparatus shown in Fig.
lis of a design suitable for use at or near the
suface. The threaded apparatus shown in Fig. 2
sof a design for use a1 greater depths.

4.1.1 The number of cylinders required de-
peads on the number of samples to be taken and

the anticipated rapidity by which the cylinders

an be returned 10 service after weighing, clean-
ing, ¢tc. A minimum of six cylinders is recom-
mended.

4.1.2 The cvlinders shown in Figs. 1 and 2
meet the wall thickness and arca-ratio require-
ments as set forth by Hvorslev® for drive sam-
plers, this is 10 to 15%, as defined by the follow-

g
A, = [(DS - DY)/D}} % 100

where:

4, = area ratio, %,

D, = maximum external diameter of the drive
sampler, and

D, = minimum internal diameter of the drive
sampler at the cutting edge. .

Cylinders of other diameters should conform to

these requirements.

4.1.3 When the in-place density is to be used
 a basis for acceptance of compacted fill, the
oyflinders shall be as large as practical to minimize
the affects of errors and shall in no case be smaller
than 0.025 fi* (710 cm?). This will require cylin-
ders larger than those shown in Figs. | and 2.

4.2 Drive Head—The typical details of the
drive heads and appurtenances are shown in Figs.

( ( [ i (
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I and 2. The drive head for use at or near the
surface has a sliding weight for driving the cyl-
inder. The cylinder 1o be used at greater depths
is driven with a hammer or other means. For
sampling below shallow depths, extensions may
be added to the drive rod as required to reach
the layer to be sampled.

4.3 Straightedge, steel, approximately % by
12 by 12 in. with one edge sharpened at approx-
imately a 45° angle for trimming the ends of the
sample flush with the cylinder.

4.4 Auger—An Iwan or similar type auger for
digging below shallow depths.

4.5 Shovel—Any one of several types of shov-
els or spades is satisfactory in shallow sampling
for digging the cylinders out after they have been
driven into the soil.

4.6 Balances—A balance or scale of at least
1-kg capacity accurate to 1.0-g and a balance of
500-g capacity accurate to 0.1-g are required for
the cylinders shown in Figs. 1 and 2. Larger
cylinders will require a balance of 20-kg capacity
accurate to 0.1 %.

4.7 Drying Equipment—Equipmentand oven
to comply with Method D 2216. Other drying
equipment may be used for rapid evaluation of
moisture content if specified (see 7.2).

4.8 Miscellaneous Equipment—Brushes,
sledgehammers, plastic bags, metal cans with lids,
or other suitable containers for retaining the drive
cylinder and sample until determination of mass
and drying, spoons, inside/outside vernier cali-
per, or the equivalent accurate to 0.01 in. (0.0025
mm) for calibration, gloves, and safety glasses.

S. Calibration

5.1 Before testing begins and periodically
thereafter, or when damage is suspected, check
the cutting edge of the drive cylinders (dulled or
damaged cylinders may be resharpencd and re-
swaged or discarded).

5.1.1 Before testing and periodically thereaf-
ter, determine the mass and volume of each
cylinder. Determine and record the mass accu-
rately to the nearest | g. Determine the volume
of each cylinder by measuring the height and the
swaged-end diameter at four equally spaced
points to 0.01 in. (0.254 mm) and average the

) Hvorslev. M. J.. “Surface Exploration and Sampling of Soils
for Engineering Purposes. Engineering Foundation. 3J45E.4th
St.. New York, NY. 10017.
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respective dimensions. Calculate and record the
volume to the nearest 0.01 in.* (0.16 mm?).

5.2 Permanently identify each cylinder by a
number or symbol traceable (o the calibration
data. It may be desirable in some cases 1o show
the mass and volume on the cylinder along with
the identification,

6. Sampling

6.1 Sampling at or Near the Surface:

6.1.1 Brush all loose particles from the sur-
face. For near-surface sampling (not more than
36 in. {1 m) in depth). sample through a hole
bored with an auger or dug by a shovel from
which loosened material has been removed. Ob-
tain a fairly level surface before any cvlinder is
driven. Depending on the soil texture and mois-
ture. the surface may be prepared utilizing a
bulldozer blade or other heavy equipment blades
provided the sample area and vicinity are not
deformed. compressed. torn, or otherwise dis-
turbed.

6.1.2 Assemble the cylinder and dnive head
with the sharpened edge on the surface 10 be
sampled. Drive the cylinder by raising the drop
hammer and allowing it 1o fall. Hold the drive
rod in a steady and vertical position. keeping the
drive head in contact with the cvlinder. Continue
driving until the top of the cvlinder is approxi-
mately Y2 in. (13 mm) below the onginal surface.
Overdriving may result in deforming or com-
pressing the sample and may provide erroneous
results. Care should be taken to prevent overdriv-
ing. particularly when sampling below the sur-
face. If overdriving occurs or is suspected. the
sample should be discarded and the soil resam-
pled. Remove the drive head and dig the cviinder
from the ground with a shovel, digging the soil
from around the sides of the cvlinder and under-
cutting several inches below the bottom of the
cylinder before lifting the cylinder out. When
sampling near, but below, the surface, use the
same procedure, but more soil will necessarily
have 1o be dug from around the sides of the
cyvhinder 1o properly undercut the cvlinder.

6.1.3 After the cvlinder has been removed
from the ground. trim any excess soil from the
sides of the cyvlinder. Using the straightedge. tim
the ends of the sample flush and plane with the
ends of the cylinder. A satisfuctory sample is
composed of relatively undisturbed soil repre-
sentative of the soil in place and shall not contain

rocks. roots, or other foreign material. [f the
cylinder 1s not full or is not representative, diy
card the sample and take another sample. If e
cylinder is deformed or otherwise damaged whik
driving it into or removing it from the ground,
discard the sample and repair or replace the
cvlinder. Immediately determine the mass of the
sample and determine the water content or place
the drive cvlinder and sample in a containe
which will prevent soil or water loss until mag
and water determinations can be made.

6.2 Sampling Below the Surface:

6.2.1 Drill a hole with an auger 1o the elev
tion of the laver to be sampied. Clean the botton
of the hole of auger-loosened material as well s
possible with a cleaning auger or other suitabk
100l leaving the bottom of the hole fairly level.

6.2.2 Assemble the cvlinder to the drive hea
(and extensions if needed) and lower the cylindg
into the hole placing it firmly on the layer to b
sampled. Drive the cvlinder into the soil by blow
of a hammer on the top of the drive rod. Conr
tinue dniving until the top of the cylinder &
approximately | in. (25 mm) below the surfae
being sampled. Care must be taken not to over
drive since there is only approximately a 24a
(50-mm) clearance in the drive head. Break (ke
sample from the ground by moving the rod o
the sampler back and forth. Remove the assem
bly from the hole and carefully remove the cy
inder from the drive head. In cases where the
sample breaks from the ground slightly above the
cutting edge, the sample may be forced bad
through the cylinder by carefully pressing the top
of the sample against a flat surface. Trim amy
excess soil from the cylinder using
straightedge until the sample is flush and plane
with the ends of the cylinder. If the cylinderk
deformed or damaged. or if the sample is broken,
disturbed. or gouged by rocks during driving
discard the sample. Immediately determine the
mass of a satisfactory sample and determine the
water content or place the drive cvlinder aMd
sampler in a container which will prevent soil o
moisture loss until mass and water content de
terminations can be made.

7. Procedure

7.1 Determine the mass of the drive cylinde
and soil sample to the nearest | g and record.

7.2 Remove the soil from the cylinder. Obtaia
a representative specimen for water content de
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gmination. or usc the entire sample. Specimens
fr determining watcer content are 1o be as large
spractical but in no case smaller than 100 g and
rlected in such a way so as to represent all the
material from the cvlinder. Determine the water
mntent of the soil in accordance with Method
D2216. Rapid methods of water content deter-
pination may be used when specified. Rapid
nethods are generally less accurate than Method
D2216 and should only be used when their
weuracy is considered sufficient for the testing
purpose.

& Calculations

8.1 The in-place dry density of the soil is
apressed as the mass of the dry soil divided by
#e volume of soil, and is usually reported in
pounds per cubic foot or kilograms per cubic
metre.

8.2 Calculate the dry mass of the drive-cylin-
&rsample, Ay, in grams, as follows:

My = [(M, = M)/(100 + w)] X 100
where:
N, = mass of the cylinder and wet soil sample,
8
M, = mass of the cylinder, g, and
v = water content, %, dry mass basis.

8.3 Calculate the dry density, pu, of the drive-

olinder sample in 1b/ft* as follows:

pa = (M5/1)(3.810)

where:
¥ = volume of the drive cylinder. in® (10 the
nearest 0.01 in")

NoTk 2—It may be desired 10 express the in-place
density as a percentage of some other density, for
example. the laboratory maximum density, determined
in accordance with Test Methods D 698. This relation
can be determined by dividing the in-place density by
the maximum density and multiplying by 100.

9. Report

9.1 The report shall inctude the following:

9.1.1 Location,

9.1.2 Depth below ground surface or elevation
of surface, or both,

9.1.3 Dry density,

9.1.4 Water content,

9.1.5 Dimensions and volume of the sampler,

9.1.6 Visual description of the soil sample,
and

9.1.7 Comments on soi} sample disturbance.

10. Precision and Bias

10.) The precision and bias of this test
method for measuring the density of soils in place
by the drive-cylinder method has not been deter-
mined. No available methods provide absolute
values for the density of the soil in-place against
which this method can be compared. The varia-
bility of the soil and the destructive nature of the
test method do not allow for the repetitive dupli-
cation of test results required to obtain a mean-
ingful statistical evaluation. Precision is a func-
tion of the care exercised in performing the steps
of the test method given, with attention to sys-
tematic repetition of the procedure and equip-
ment maintenance.

The American Soctety for Testing and Materials takes no poston respecting the validiy of any patent rights asserted in connection
sthany item mentioned i s stundard Users of this sandurd are expeessly advised that determination of the validity of any such
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This standard 1y swbpect o reviston at any time by the texponsible technical committee and must be reviewed every five years and
{00 revised, vither regpproved or withdrawn, Your commenis are invied cither for revision of this standard or for additional
sandards and showld be addressed 10 ASTM Headgquarters. Your comments will receive careful consideration ai a meeting of the
wponsible technical committee. which vou may attend. I vou feel that your commenis have not reccived a fair hearing vou should
ake your views known to the ASTAM Commitiee on Stundards. 1916 Race Si.. Philadelphia, Pa. 19103.
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FIG. 2 Typical Design for a Soil Sampler for Use Below Surface




